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May 2017 Update 
PointLogic Energy, a source for natural gas pipeline flow and capacity in the original report, has 
recently updated their models for calculating natural gas flow in the Tennessee Gas Pipeline in New 
England. This model update has resulted in significant changes to their previous estimates. Most 
importantly, data obtained from PointLogic Energy in December 2016 supported the finding that 
overall net gas flow in the “Tennessee Gas Pipeline: NY to MA” was from Massachusetts to New 
York from 2013-2016; their revised models indicate a net flow during the same period from New 
York to Massachusetts.  To be conservative, we have removed analysis of natural gas pipeline flow 
and capacity from this report that relied on the original data obtained from PointLogic Energy. 
Instead, we use estimates of natural gas pipeline flow and capacity published in an a 2014 ICF 
International report that was commissioned by ISO New England (Exhibit 2-3, pp. 12) (a) and 
information provided by the U.S.  Energy Information Administration (b). 
a. ICF International, “Assessment of New England’s Natural Gas Pipeline Capacity to Satisfy Short 
and Near-Term Electric Generation Needs: Phase II,” 2014 (see endnote 63). 
b. U.S. Energy Information Administration. U.S. State-to-State capacity. Updated 12/31/2015, U.S. 
Energy Information Administration. New England natural gas pipeline capacity increases for the first 
time since 2010. December 6, 2016 (see endnote 66, 67). 
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To better understand the opportunities and challenges for New Hampshire’s energy future resulting from 
emerging trends in the supply and demand for energy, the New Hampshire Chapter of The Nature 
Conservancy and the New Hampshire Community Finance Development Authority engaged the 
University of New Hampshire to perform a rigorous and impartial study that examines the current and 
potential future of New Hampshire’s energy system. Guided by a diverse advisory board, this study 
investigates emerging global and national trends in energy markets, analyzes the current context and 
future choices regarding the New Hampshire and New England electrical energy system, and develops 
recommendations for policy options that benefit both energy security and affordability for New 
Hampshire. 
The team at the University of New Hampshire was led by and Dr. Cameron Wake (UNH Institute for 
Earth, Oceans and Space, and UNH Sustainability Institute) and Dr. Fiona Wilson (UNH Peter T.  Paul 
School of Business and Economics/UNH Center for Social Innovation & Enterprise). Research and 
analysis were performed primarily by Matthew Magnusson (Doctoral student in the College of 
Engineering and Physical Sciences at UNH and MBA from the UNH Peter T. Paul School of Business 
and Economics) with support from Dr. Christine Foreman (UNH Carsey School of Public Policy and 
UNH Institute for Earth, Oceans and Space, and currently working for the Economic Analysis Division at 
the Volpe National Transportation System Center in Cambridge, Massachusetts). 
 
An advisory board was assembled to represent diverse points of view, and be active, engaged, and 
committed to an open dialogue on energy issues in NH. The advisory board provided input and guidance 
on the project at multiple stages, including a set of face-to-face meetings, participation in energy 
stakeholder meetings, and commenting on several drafts of the report. The members of the advisory board 
included: 
• Jesse Devitte, Borealis Ventures 
• Kate Epsen, NH Sustainable Energy Association 
• Michael Ettlinger, Carsey School of Public Policy, UNH 
• Mike Fitzgerald, Air and Resources Division, NH Department of Environmental Services 
• Richard Grogan, NH Small Business Development Center 
• Robert Mohr, Associate Professor at Paul College, UNH 
• Kevin O’Maley, City of Manchester 
• Venu Rao, Energy Committee in Hollis 
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• Jack Ruderman, Revision Energy 
• Eric Worthen, Worthen Industries 
Additional input was obtained via roundtable discussion with industrial energy users. Additional feedback 
on the preliminary findings and recommendations was also gathered at a New Hampshire energy 
stakeholder forum at UNH. While the UNH team has sought input and feedback from a wide range of 
energy stakeholders from across New Hampshire, the findings and recommendations presented in the 
report remain those of the authors. The key findings of this report are summarized in a 2017 UNH Carsey 





New Hampshire’s economy, energy generation, and energy use are inextricably linked. Energy is vital to 
the welfare of every NH resident. Stable and uninterrupted access to cost-competitive and affordable 
energy resources is part of the foundation of a resilient New Hampshire economy. When considering 
energy affordability and security, it is important to remember that New Hampshire is not its own “energy 
island,” but instead part of a large, complex, New England, national, and global energy system. What 
impacts the regional, national, and international energy markets has direct impact on New Hampshire’s 
energy system. This report examines the electrical power sector in New Hampshire and New England, 
with a focus on the current context and future choices regarding natural gas, renewable energy, and 
energy efficiency. 
Global energy prices for oil and natural gas are currently low compared to historical values over the past 2 
decades and global storage levels for oil and natural gas are at historic highs. However, there remain risks 
to energy security in global energy markets,2 which are in a period of rapid change and uncertainty.3 The 
world’s energy markets have been described as being out of balance as the production and demand for 
fossil fuel resources have shifted.4  
Two global energy trends that are significant factors in driving the global and New England energy 
marketplace are the rapid growth in the use of natural gas and renewable energy for electric power 
generation. A significant increase over the past 5 years in the supply of natural gas has put significant 
downward pressure on the wholesale price of natural gas. This, combined with increasingly stringent 
environmental regulations, has resulted in a dramatic increase in the amount of natural gas powered 
generation in the United States. Natural gas is now displacing other forms of energy (especially coal and 
oil) at a rapid pace, with 2016 expected to be the first year that natural gas-fired power generation exceeds 
coal generation (Figure 1.1).5  
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Figure 1.1. Annual total U.S. electricity generation by source from 1950 to 2015.6 
Another important trend is the decoupling of energy consumption and economic growth. Historically, 
economic growth was accompanied by a corresponding increase in energy consumption. The good news 
is that new, less energy intensive industries, combined with more energy efficient technologies and 
practices, are achieving economic growth and decreases in energy consumption.7 For example, real gross 





Figure 1.2. U.S energy consumption8 (black solid line) and real U.S. GDP9 (dashed green line), 1990 – 
2015. 
Renewable energy has experienced significant decreases in cost, especially energy produced by wind 
turbines and solar photovoltaics (PV). This, combined with state and federal policies that have favored 
renewable energy as a mechanism to reduce pollution (including the emissions of heat-trapping gases 
such as carbon dioxide) are driving rapid growth in the amount of electric power generated in the United 
States from renewable technologies (Figure 1.1). These policies have also supported the implementation 
of energy efficiency technologies and programs. In terms of public perception, a recent national poll 
found that 81% of voters think the Unites States should use more renewable energy and 55% think the 
country should use less fossil fuel.10 
While uncertainty remains, 2 specific policies that could drive further demand for renewable energy and 
energy efficiency are the Clean Power Plan11 at the national level and the Paris Agreement12 at the 
international level. Both policies call for a reduction in the emission of heat-trapping gases, which would 
be expected to provide increased market opportunities for both renewable energy and energy efficiency. 
These national trends are also present in the New England and New Hampshire energy marketplace.13 
Electricity is and will continue to be an essential part of the energy system that supports the New 
Hampshire economy and quality of life and well-being of NH residents. Electricity use is also a 
significant part of expenditures in the NH economy with approximately $1 out of every $4 spent on 
energy ($1.7 billion of $6.4 billion total) paying for electricity in 2014.  
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The New England region has been rapidly transitioning to natural gas for its electric power generation, 
growing from just under one-fifth of generation in 2000 to approximately half of generation in 2015.14 
The rapid transition to natural gas has been brought on by a combination of relatively low natural gas 
prices (which resulted from the discovery and drilling of large, previously untapped natural gas resources 
in the United States), the increase in environmental regulations, and interest in strengthening national 
energy security. While New England’s electric system has increasingly become dependent on natural gas, 
the region has also experienced an expansion of renewable energy and energy efficiency. A specific 
challenge and opportunity for New England and New Hampshire is that the region does not have any 
indigenous sources of fossil fuels. Therefore the region must either import fossil fuels from other regions 
of the country or the world or develop more indigenous forms of energy and energy efficiency. 
An expressed area of concern by the region’s electric utility industry has been that the rising demand for 
natural gas in New England requires new pipeline capacity. Specifically, ISO New England, the 
organization responsible for coordinating the region’s power grid, has issued strong calls for new natural 
gas infrastructure investment.15 The premise is that future increased natural gas demand (driven in part by 
the projected closure of existing nuclear and coal-fired power plants) will further overburden the existing 
pipeline infrastructure and could jeopardize reliability.16 Their reasoning is that without additional 
pipeline infrastructure, natural gas prices and price volatility, and by extension electricity prices and price 
volatility, will increase in New England. The decision to invest in new natural gas pipeline capacity and 
determine how the costs are distributed is a crucial one as it will chart the future course for energy 
affordability, energy choice, and energy security for New Hampshire and New England, likely for 
decades given the significant infrastructure costs associated with pipeline expansion.17 Any large capital 
investment from public sources in pipeline infrastructure may limit financial resources that otherwise 
could be used for other energy projects. There is also the risk posed by stranded costs18 if public sources 
are used since energy markets continually evolve and change.  
New Hampshire is at a key juncture in determining its energy future. Because of the tight relationship 
between the cost of natural gas and the cost of electricity in the region, it is important for New Hampshire 
policy makers and New Hampshire energy stakeholders to consider this relationship in any actions 
ultimately selected. Choices made today regarding natural gas infrastructure investments will impact the 
quality of life, economic prosperity, and carbon footprint of New Hampshire residents over the upcoming 
year, decade, and beyond. Given the new developments in the energy marketplace, what energy choices 
should New Hampshire make?  
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The New England power grid system is emerging at the nexus of global trends as it experiences a period 
of significant change. These combined forces are challenging the incumbent infrastructure: 1) increasing 
natural gas use, 2) increasing adoption of renewable energy and energy efficiency, and 3) developing 
smart-grid technologies that integrate large power plants with small distributed generation.19 This is 
driving debate on what types of energy policies should be put in place, and who pays the costs and 
receives the benefits from these policies.20  
This report is rooted in the fact that energy is the lifeblood of modern economies. Secure and reliable 
access to cost-effective energy is critical to economic development and growing prosperity. At the same 
time, there is a growing realization that global and US economies face significant risks from climate 
change and that a failure to address the causes of the change, including energy sources, broadens and 
deepens the risk.21 This report evaluates direct costs and benefits associated with different potential 
options, including increased natural gas infrastructure and increased levels of clean energy investment. It 
concludes with a set of recommendations for New Hampshire’s energy stakeholders and legislators. 
In addition to analyzing a variety of energy data provided by the U.S. Energy Information Administration 
(EIA) and PointLogic Energy, the technical team conducted a review of prior/existing studies that focused 
on natural gas infrastructure, and energy efficiency and renewable energy implementation. These studies 
included both the New England region and additional regional, national, and international studies.22 Costs 
of implementation and energy-cost-saving opportunities were considered for these different energy 
technologies. This resulted in a compilation of the most useful or comprehensive studies to date. An in-
depth assessment of findings within key studies was performed, and a specific scenario analysis 
comparing similar levels of investment in natural gas infrastructure and clean energy infrastructure was 
conducted. We have also included summary information on the perception of New Hampshire residents 
regarding future energy choices based on the responses to three energy related questions from interviews 
conducted as part of the October 2016 Granite State Poll. 
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2. BACKGROUND 
2.1 Natural Gas  
2.1.1 Global, National, and Regional Natural Gas Market 
Natural gas has been rising in importance as a global energy source over the past 2 decades. In 2015, 
global production of natural gas hit an all-time record at 126.7 thousand billion cubic feet (Bcf).23 A 
primary factor for the emergence of natural gas has been hydraulic fracturing, or fracking, which has 
opened access to new, vast, untapped sources of oil and natural gas in the United States, and is emerging 
in other regions of the globe.24 Fracking is a process of drilling down into the earth and then injecting a 
high-pressure water mixture into rock to release trapped oil and gas. This technique has improved fossil 
fuel extraction productivity in the United States.25 As a result, global gas markets are changing rapidly 
and creating new challenges for the energy industry and policy makers. For example, since the 1950s, the 
United States has been dependent on foreign sources for its oil and gas needs, but fracking has been a key 
factor in reducing total energy imports from 30 quadrillion British thermal units (BTU) in 2014 to 11 
quadrillion BTU in 2015.26 The United States has emerged as the world’s largest oil and natural gas 
producer in 2016, displacing Russia.27 The shift in energy has been large enough that the United States is 
expected to transition from a net importer of energy to a net exporter of energy by 2019.28 
Overall natural gas use has expanded in the United States by 23% between 2001 and 2015, from 22,239 to 
27,475 Bcf per year. The growth in overall national natural gas consumption during this time period has 
been driven primarily by growth in the electric generation sector with consumption of natural gas 
increasing 78% (almost 6% annually) (Figure 2.1). During the summer of 2016, the United States hit an 
all-time record for the total amount of electricity generated by natural-gas-fired generation.29 Conversely, 
between 2001 and 2015, residential, commercial, and industrial natural gas consumption have been 
relatively flat with annual growth rates of -0.2%, 0.5% and 0.2% respectively.  
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Figure 2.1. U.S. natural gas consumption (Bcf per year) by the commercial sector (green diamonds), 
residential sector (blue squares), electric sector (red triangles), and industrial sector (black circles) from 
2001 to 2015. Note the 78% increase in natural gas consumption by the electric sector since 2001. Data 
from EIA.30 
Box 1: Methane: Global Warming Potential 
Burning natural gas creates about half the carbon dioxide emissions of coal, but the process for 
extracting and transporting it emits a more potent greenhouse gas, methane. Methane is a more 
effective absorber of long-wave radiation emitted by the earth and therefore has a global warming 
potential 86 times greater than carbon dioxide over a 20 year period, and atmospheric 
concentrations of methane have increased 1.8 times since 1750. While challenges remain in terms 
of quantifying methane emission from different sources, about two-thirds are directly linked to 
human activities, including natural gas wells and pipelines. Systematic analysis across a range of 
spatial scales indicates that inventories consistently underestimate actual measured methane 
emissions, with natural gas and oil sectors being important contributors. At least one analysis 
concludes that global warming associated with the burning of natural gas is equivalent to or worse 
than burning coal or oil. A detailed analysis of methane leaks from North American natural gas 
systems concludes: “If natural gas is to be a ‘bridge’ to a more sustainable energy future, it is a 
bridge that must be traversed carefully: Diligence will be required to ensure that leakage rates are 
low enough to achieve sustainability goals.” 
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A major source of new domestic natural gas supply has emerged in the Northeastern region of the United 
States. The Marcellus shale play (known as the “Saudia Arabia of Natural Gas”), located in the 
Appalachian Basin, occupies an area of approximately 100,000 square miles and is predominantly located 
in Pennsylvania and West Virginia, and to a lesser extent in Ohio and New York (Figure 2.2).31 The 
Marcellus shale play is the largest single source of natural gas in the nation. The EIA has placed estimates 
of the total shale reserves in Pennsylvania and West Virginia at 84,500 Bcf.32 This amount of gas is 
equivalent to approximately a 100 year supply for New England at current demand levels.33 The amount 
of fossil fuel extracted from this energy resource has grown rapidly over a relatively short period of time. 
The first “unconventional” well in the Marcellus shale play was drilled in 2004; by January 2012 daily 
natural gas production had grown to 6.1 Bcf per day (Bcf/d). As of Aug 2016, Marcellus had grown to 
production of 18 Bcf/d.34 Three days at this level of production provides the equivalent of New 
Hampshire’s current annual use of natural gas.35 Natural gas production from the Marcellus shale play is 
projected to grow to 35 Bcf/d by 2035.36 
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Figure 2.2. Map of Marcellus shale play in the Appalachian Basin. Image from the EIA.  
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The way that natural gas flows through pipelines in the United States has changed due to fracking in the 
Appalachian Basin (and other regions of the United States) and will continue to change as new pipeline 
infrastructure is added to adjust to production levels from new sources of domestic supply and national 
and global demand.37 Several Appalachian Basin pipeline “takeaway” projects are under various stages of 
development that will connect the Marcellus shale play with other regions of the country (Table 2.1). At 
least 7 major projects are in different phases of development for a total addition of 9 Bcf/d of capacity at 
an estimated cost of $17.6 billion. 
Table 2.1. Major Appalachian Basin pipeline projects under development. Data from PointLogic Energy 












Access Northeast 0.9 
Northeast/New 
England 
$3.0 Pre-Filing** Winter 2018 
Access South 0.3 South/Texas $0.3 Applied Fall 2017 
Atlantic Coast Pipeline 
Project 
1.5 Southeast $5.1 Applied Fall 2018 




2.0 Mid-Atlantic $3.5 Applied Winter 2018 
Nexus Gas 
Transmission 
1.5 Midwest $2.0 Applied Fall 2017 
Rover Pipeline Project 2.2 Midwest $3.0 Applied Spring 2017 
Total 9.1   $17.6   
*FERC: Federal Energy Regulatory Commission 
** Status of the Access Northeast pipeline reviewed in Box 2: Proposed New Hampshire Natural Gas 
Pipeline: Access Northeast 
 
Another major factor impacting the U.S. natural gas markets is that U.S. liquefied natural gas (LNG) 
export capabilities are expected to increase dramatically over the next several years. LNG is natural gas 
that has been chilled to compress its volume down 600 times. The process of chilling natural gas, or 
liquefication, allows large volumes of natural gas to be transported by means other than pipelines, 
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including ship, rail, and truck. This chilling and regasifying process also requires a significant amount of 
energy, making its heat-trapping gas footprint potentially greater than regular natural gas.39  
In February 2016, the first of 6 LNG processing plants was completed at Sabine Pass Liquefaction in 
Louisiana (on the border with Texas). When the final LNG processing plant comes online (with an 
anticipated commissioning date in 2019) the total processing capability of Sabine Pass Liquefacation will 
be 3.5 Bcf/d. This facility has stated that it will be one of the largest buyers of natural gas in the country 
and will be able to access supplies from every supply source in the United States east of the Rocky 
Mountains, including the Marcellus shale.40 Another major milestone was the first export of LNG using 
the newly widened Panama Canal, which is expected to provide further export opportunities for U.S. 
produced natural gas.41 
Including Sabine Pass Liquefaction, a total of $42.4 billion is being invested in further development of 
LNG export facilities that are anticipated to come online from 2017 through 2020 (Table 2.2). By 2020 an 
additional 9.9 Bcf/d of natural gas in the United States could be subject to export. This was just under 
three times the average daily consumption of 3.4 Bcf/d for New England in the winter of 2014/15 (a 
winter with below average winter temperatures).42 This development is significant for New England as it 
represents a large change in the national natural gas marketplace, and may represent risks to the wholesale 
cost of natural gas due to competition. Conversely, these LNG developments could also provide new 
opportunities for LNG import to New England. 
Table 2.2. LNG export terminals under construction that would draw Appalachian Basin natural gas. 













1.7 Louisiana $10.0 2018 
Corpus Christi LNG 2.1 Texas $12.0 2018 
Cove Point 0.8 Maryland $3.8 Winter 2017 
Freeport LNG 1.8 Texas $11.0 2018-2019 
Sabine Pass  3.5 Louisiana $5.6 2016 – 2019 
Total 9.9   $42.4   
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The impact of increased natural gas extraction from the Appalachian Basin has helped drive overall 
natural gas prices lower over the past 8 years (Figure 2.3). The last significant peak in wholesale natural 
gas prices at the national level occurred in June 2008 at $13 per million BTU (the Henry Hub price in 
Figure 2.3) and the market recently bottomed in March 2016 at $1.50 per therm. The Henry Hub spot 
natural gas price represents the overall national delivery price, while the Algonquin Citygate spot natural 
gas price represents delivery prices to New England. 
 
Figure 2.3. Historical daily natural gas spot price ($ per million BTU) at Henry Hub (black line, 
representing overall national delivery price) and Algonquin Citygate (red line, representing delivery 
prices in New England). Data from PointLogic Energy.44 
Historically, Algonquin Citygate (AGT) prices have tended to spike during the winter months (Figure 
2.3). Starting in the winter of 2012/13, there was a noteworthy increase in the magnitudes of the spikes 
with one plausible explanation being that, in the market structure of that time, the demand for natural gas 
exceeded supply during peak periods, causing price spikes. Between 1997 and 2015, the average number 
of heating degree days (HDD, a measure of average coldness) across New England during the heating 
season between October and April was 5,860.45 The winter of 2012/13 was an average heating winter 
with 5,735 HDD. The increase in peak magnitude in the price of natural gas was more pronounced during 
the winter of 2013/14, which was colder than average (6,430 HDD), especially during the associated 
“polar vortex” event in January of 2014. However, the winter of 2014/15 was also colder than average 
with 6,467 HDD. While there were price spikes during the winter of 2014/15 (Figure 2.3) they were of 
smaller magnitude than those observed during the winter of 2013/14. The winter of 2015/16 was warmer 
17 
than average with 5,244 HDD, and price volatility was significantly muted relative to historical price 
spike activity. Because the winter of 2014/15 was actually slightly colder than the winter of 2013/14, it 
implies that factors other than physical pipeline capacity are impacting natural gas prices in New England. 
One factor that could help explain the reduced price volatility is the Winter Reliability Program 
implemented by ISO New England to ensure power grid reliability.46 In addition, a change to ISO New 
England’s rules re-aligned the timing of the electric market so that generators had improved information 
and opportunity to schedule gas deliveries that better correlated to their expected power output. These 
changes demonstrate that “soft infrastructure” changes (i.e., changes that involve changes to rules, 
regulations, or policies) may be an effective tool for mitigating wholesale price impacts.  
Another factor that served to reduce price spikes during the winters of 2014/15 and 2015/16 was the 
increase of LNG imports to the region (Table 2.3). LNG imports serve as an effective option for price 
spike mitigation given New England’s significant LNG infrastructure. The import of LNG into Everett, 
Massachusetts had averaged at approximately 163 Bcf annually between 2003 and 2011. Imports peaked 
at 184 Bcf in 2007 and had been declining annually with a significant drop in 2013 to only 87 Bcf. LNG 
imports bottomed in 2014 at 28.8 Bcf and grew to 49.7 Bcf in 2015 and have increased to 56 Bcf between 































*2016 consists of deliveries from January to September  
The natural gas market has been trading in a weekly range between $2.00 and $3.20 per million BTU 
from August through November 2016.49 The low cost of natural gas coupled with the large anticipated 
domestic natural reserves are market-based factors driving the surge in new pipeline and LNG project 
development observed across the country.50 LNG continues to be an important factor in the market. LNG 
prices have decreased dramatically over the past year going from the recent peak of $17.34 in April 2014 
to a low of $3.21 in July of 2016, with current prices through November 2016 remaining at the pricing 
level observed in July.51 
Concerns over the environmental and technological risks associated with fracked natural gas have led to 
several regions banning fracking. For example, both Germany and France have placed bans on fracking.52 
In the province of Newfoundland in Canada, fracking has been frozen since 2013. A report released in 
2016 supported continuing the freeze, citing science, technological, and risk-assessment gaps.53 Within 
the United States, New York passed a ban on fracking in 2014 and Maryland passed a ban on fracking in 
2015.54 In Pennsylvania (home of the Marcellus shale play) the Pennsylvania Medical Society called for a 
moratorium on fracking due to public health impacts from the practice in 2016.55 
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2.1.2 New England Natural Gas Markets 
Overall total natural gas use has been growing in New England annually at approximately 1%. While 
demand for natural gas to power electrical generation plants has grown (Figure 2.4), New England is one 
of the few regions of the country that is also experiencing some growth in the residential and commercial 
natural gas base as New Englanders transition from older oil-based heating systems to high-efficiency 
natural gas heating systems.56 Natural gas demand for heating cycles seasonally with the heating season; 
peak demand occurs during the winter months (Figure 2.5). Natural gas consumption has shown an 
overall increasing trend during the winter, however there has not been a consistent linear increase in 
demand. Instead, demand has varied due to complex interactions of weather, economic conditions, and 
energy prices. The summer (June, July, and August) of 2016 had an average daily demand in New 
England of 2.0 Bcf/d with a peak daily demand of 2.6 Bcf/d, while the winter (December, January, and 
February) of 2015/16 experienced an average daily demand of of 2.8 Bcf/d, with a daily peak of 4.1 
Bcf/d.  
 
Figure 2.4. Trends in different energy sources used to produce electricity for all 6 New England States 
from 2000 to 2014.57 This also includes electricity imported from Canada. 
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Figure 2.5. Daily natural gas consumption by sector in New England from 2007 to 2016 in Bcf/d.58 Note 
the wintertime peaks in consumption by the residential/commercial (blue line) and industrial (black line) 
sectors, and summertime peaks in consumption by gas-fired power generators (red line). Total daily New 
England demand is shown in the orange line.  
While there has been low but positive growth in the use of natural gas by the residential and commercial 
sectors (primarily for heating) the main factor driving the increased demand for natural gas as a fuel 
source in New England has been its increased use in regional power generation. The New England 
region’s transition to natural gas for its electric power generation has been a rapid one; growing from 15% 
of generation in 2000 to 49% in 2015 (Table 2.4). This has occurred primarily through the displacement 
of oil and coal-based power generation (Figure 2.4). In 2000, coal and oil accounted for 40% of New 
England’s power generation, but now only accounts for 6%. The same national trend of increased 
domestic supply, low natural gas prices, and emissions considerations that is increasing the national 
percentage of electricity generated by natural-gas-fired power generation is also resulting in an increase in 
the percentage of natural-gas-fired power generation in New England. New England is also influenced by 
regional environmental policies that are more stringent than current national policies, including the 
Regional Greenhouse Gas Initiative (RGGI), and strict federal air, water, and waste regulations for power 
generators. Natural gas is associated with lower combustion emissions over other forms of fossil-fuel-
based generation, including coal and oil.59  
 
21 
Table 2.4. Comparison of the total electric energy production by fuel type in New England for the years 
2000 and 2015.60 
Fuel Type 2000 2015 
Natural Gas 15% 49% 
Nuclear 31% 30% 
Hydro & Other 
Renewables 
13% 15% 
Coal 18% 4% 
Oil 22% 2% 
Pumped Storage 2% 1% 
 
The primary delivery mechanisms for natural gas in New England are through pipelines (Table 2.5) and 
via ship for imported LNG transported to the region (Table 2.6). Natural gas is supplied through a 
network of 5 major feeder pipelines: Tennessee Gas, Algonquin Citygas Transmission, Maritimes and 
Northeast Iroquois Gas Transmission, and Portland Natural Gas Transmission. The pipelines carry gas 
produced domestically or in Canada. New England pipeline supply capability has been estimated to be 
4.17 Bcf/d.61 
There are 3 LNG terminals located in Massachusetts (Table 2.6). The Everett terminal is located on-shore 
in Everett, Massachusetts and the Neptune Deepwater port and Northwest Gateway Deepwater port are 
located off-shore from Gloucester, Massachusetts. The Canaport LNG facility in Canada can deliver gas 
from LNG through the Maritimes and Northeast pipeline. LNG is brought in to the New England region 
via ship and subsequently stored in above-ground tanks or re-gasified and injected into the pipeline 
system. The sum of the three Massachusetts LNG terminals indicates these facilities might be able to 
achieve a peak delivery capacity up to 2.4 Bcf/day and a sustained capacity of 1.7 Bcf/d. Other sources of 







Table 2.5. Estimates of New England Natural Gas Supply Capabilities. Data from ICF International.63  
Natural Gas Source 
Winter Supply Capability   
2016-17 (Bcf/d) 
Pipeline Capacity 4.17 
Peak Shaving Capacity 1.45 
Direct LNG Import Capacity* 0.72 
Total 6.34 
  * LNG only includes Everett; it does not include LNG from Northeast Gateway or Neptune. 

















Boston Harbor 1971 N/A 1.0 0.7 
Neptune Deepwater 
port 
Off-shore, 10 miles 
from Gloucester 
2010 $400  0.8 0.4 
Northeast Gateway 
Deepwater port 
Off-shore, 13 miles 
from Gloucester 




Saint John, New 
Brunswick, Canada 
1970 N/A 1.2 1.2 
Total (excluding 
Canaport) 
      2.4 1.7 
      
An estimate of the total New England natural gas supply capability for the winter of 2016/17 is 6.34 Bcf/d 
when including pipeline capacity, peak shaving capacity, and LNG import capability.65 The capacity 
value of 6.34 Bcf/d exceeds recent New England peak winter demand (compare Table 2.5 values to the 
peak demand of under 5 Bcf/d illustrated in Figure 2.4).  A separate indicator of pipeline capacity is the 
sum of all the state inflow capacities obtained from the U.S. Energy Information Administration (U.S. 
EIA) for natural gas pipelines in New England estimated at 4.96 Bcf/d by US EIA. 66 67  This represents 
an estimate of the total pipeline capacity available into New England.  However, some pipeline in-flow 
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capacity may not be fully available due to technical capacity constraints in the New England natural gas 
system. 68 The difference between the state in-flow pipeline capacity and the estimates of pipeline 
capacity obtained from the ICF study raises the possibility that pipeline capacity may be underutilized 
and/or that changes in New England internal gas pipeline infrastructure might allow for greater utilization 
of existing in-flow pipeline infrastructure.  Eversource Energy (a New England based electric and natural 
gas utility) has also stated that another factor that may limit available capacity is “that imported LNG 
requires downstream pipeline capacity to be delivered on peak which is not available at the maximum 
regasification capacity … for each facility as the pipelines reach capacity from both the western and 
eastern ends of the system.”69 
Table 2.7.  Natural gas pipeline state inflow capacity (Bcf/d). U.S. EIA70 71 
Pipeline From To 
State Inflow 
Capacity (Bcf/d) 
Tennessee Gas Pipeline Co New York Massachusetts 1.17 
Iroquois Pipeline Co New York Connecticut 0.87 
Algonquin Gas Trans Co New York Connecticut 1.36 
Portland Gas Trans Co Quebec New Hampshire 0.22 
Tennessee Gas Pipeline Co New York Connecticut 0.15 
Maritimes/Northeast PL Co New Brunswick Maine 0.87 
Algonquin Incremental Market 
project 
New York Connecticut 0.34 
Total     4.96 
 
New England gas generators typically do not contract for firm transportation services to obtain natural 
gas, instead they take what is left over. We argue that the primary cause of deliverability challenges stems 
for the manner in which natural gas is contracted in New England. The reason is that gas generators have 
stated they do not find it profitable to contract for access to gas under the current New England power 
system rules because firm gas transportation arrangements are structured as take-or-pay contracts.72 Thus 
generators would be required to pay for transportation capacity whether or not they are operating. During 
most days of the year, generators are able to access gas and use transportation that would otherwise be 
surplus, and at far lower cost than contracting for firm transportation. While this contracting structure 
works for the vast majority of the year, during days of high demand this can result in periods where all 
gas is being used by other sources that have contracts for gas, including natural gas utilities for their 
customers and large industrial users. Such scarcity can result in increased spot natural gas and electricity 
prices when demand increases rapidly due to very cold periods during the winter (such as the winter of 
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2013/14) or when other major electricity generation stations go off-line (for example, nuclear power 
plants). Despite this, 75% of wholesale real-time electricity prices were set by natural-gas-fired 
generation in 2015.73 
ISO New England has identified that one of the critical challenges facing New England is the retirement 
of coal, oil, and nuclear power generating stations. ISO New England reports that 4,200 megawatts (MW) 
of the region’s non-gas capacity has retired recently or will be retiring in the near future, and that another 
6,000 MW of coal and oil-fired generators are at risk of retirement.74 The concern is that natural gas 
powered generation will need to bridge the gap left behind by the retirement of non-gas generation. 
However, many existing and newly proposed electrical generation plants are dual-fuel capable (primarily 
natural gas and oil), which adds a reliability factor through fuel diversity. There has been growth in dual-
fuel facilities and one explanatory factor is the incentives provided by ISO New England for these types 
of plants.75 Almost 40%, or 4,200 MW, of proposed generation in New England up to 2020 are dual-fired 
natural gas/oil plants.76  
One program that has been implemented to enhance the near-term reliability of the New England power 
grid is the ISO New England Winter Reliability program. This program obtains commitments from oil-
fired and dual-fuel generators to increase fuel oil inventory, from natural gas power plants to contract for 
LNG and from demand-response resources to reduce load upon request. This program has been 
instrumental in augmenting fuel security in the region primarily through increased oil inventories.77 
Generators are incentivized to secure fuel arrangements that offset any risks associated with unused fuel. 
This program has existed since the winter of 2013/14 and has been cost effective at meeting power grid 
reliability needs during the winter.78 During the first winter of the program (2013/14), 2.7 million barrels 
of oil were burned at a cost of $45 million, which was less than 2% of total wholesale regional electricity 
costs. The program was determined by ISO New England to have had a positive impact on reliability. The 
cost for the 2015/16 winter was $35.9 million for 77 plants with oil capabilities, $2.58 million for 8 plants 
capable of contracting for LNG, and $210 thousand for 6 demand reduction resources and was determined 
to be non-eventful in relation to grid reliability.  
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2.2 Renewable Energy and Energy Efficiency 
2.2.1 Global, National, and Regional Renewable Energy and Energy Efficiency Markets 
Renewable energy and energy efficiency (also known as clean energy—see Box 3: Clean Energy for a 
definition) are growing rapidly worldwide. In 2015, total global energy investment was $1.8 trillion with 
clean energy accounting for $533 billion, which is 30% of total global energy spending.79 Within the 
clean energy investment category, renewable energy accounted for $313 billion (17.4% of global energy 
spending) and energy efficiency accounted for $220 billion (12.2% of global energy spending).80 
Renewable energy investment was 6 times that experienced in 2004 and was twice the global investment 
in new coal and gas generation.81 Clean energy is now the fastest growing global energy source and is 
projected by Bloomberg to surpass natural gas in terms of total annual production of electricity by 2027.82 
Historically, clean energy development has been strongest in developed nations. However, this has 
recently changed dramatically with emerging markets in China, India, and Brazil experiencing investment 
growth of 19% over 2014.83 Clean energy also includes energy storage technologies. In 2015, 250 MW of 
utility-scale electricity storage was installed globally, up 56% from 2014. There were over 360 MW of 
energy storage projects announced worldwide in 2013 and 2014. Navigant Research forecasts the global 
Box 2: Proposed New Hampshire Natural Gas Pipeline: Access Northeast 
Access Northeast is a $3.2 billion project sponsored by Spectra, National Grid, and Eversource. If 
built, it would enhance pipeline capacity by 0.9 Bcf/d through a combination of new above-ground 
LNG storage, new pipeline, and enhanced natural gas compressors on the pipeline. This project has 
been controversial for several reasons, including the funding mechanism of requiring electric rate 
payers to underwrite the financial risk associated with the project, the project footprint, and 
environmental objections to increased reliance on natural gas in the New England region. This 
relationship is further compounded by the mechanics of how subscribed capacity could be sold to 
generators. On August 17, 2016, the Massachusetts Supreme Court ruled that existing law did not 
allow electric utilities to directly contract for capacity using rate payer funds. On August 31, 2016, 
the Federal Energy Regulatory Committee (FERC) rejected a waiver that would have allowed 
electric utilities to directly participate in natural gas transactions, but would have allowed for a 
third party to manage natural gas transactions. On October 6, 2016, the New Hampshire Public 
Utility Commission rejected a proposal to fund pipeline expansion through electric rates.  
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energy storage market to grow from 538 MW in 2014 to 21 gigawatts (GW) by 2024, growing from $675 
million in revenue in 2014 to $16 billion by 2024.84 
Historically, the capital cost of renewable energy has been high relative to conventional fossil-fuel-based 
generation. However, the installed cost in the United States is rapidly approaching or exceeding the lower 
cost threshold of fossil fuels. For example, the cost of electricity production for wind power has decreased 
by 60% in the past 6 years and solar cost has fallen by over 80%.85 The EIA calculates the levelized cost 
of electricity in per-kilowatt-hour cost (in real dollars) as a convenient summary measure of the overall 
competitiveness of different generating technologies. The levelized cost of electricity, including tax 
credits for natural gas combined cycle plants ranges from $57 to $65 per megawatt hour (MWH), 
compared to $38 to $70 per MWH for wind, and $50 to $99 per MWH for solar.86 
The rapidly declining cost of clean energy, specifically solar renewables, has been the most significant 
market factor in the growth of clean energy development. However, it is not the only market trend 
impacting clean energy growth. Not only has the cost of clean energy been decreasing, its effectiveness 
and efficiency have been increasing through technological innovation.87 Global regulations for air 
emissions control and greenhouse gas emission reductions are also driving the demand for clean energy. 
For example, Germany has set a goal of reducing emissions of heat-trapping gases by 40% by 2020 and 
95% by 2050. Renewable energy sources are required to make up 80% of the countries electric power 
consumption by 2050.88 Unstable fossil fuel energy prices have also been cited as another reason for clean 
energy market growth.89 The role of renewable energy in a region’s energy security has long been 
recognized.90  Another anticipated regulatory driver of growth is the 2016 Paris Agreement.91 This is an 
agreement within the United Nations Framework Convention on Climate Change that entered into force 
on 4 November 2016. The agreement mitigates global greenhouse gas emissions starting in 2020. 
Globally, the construction of new energy generating capacity crossed a symbolic threshold in 2015. Not 
only was the 134 GW of new capacity 34% larger than the 100 GW installed in 2011, but 2015 was also 
the first year when the addition of new renewable capacity (not including large hydroelectric projects) 
was greater than new capacity from the combination of coal, gas, and nuclear plants and large 










Renewable w/o large hydro 13.5 53% 
Coal 42 17% 
Gas 40 16% 
Large hydro 22 8% 
Nuclear 15 6% 
 
Wind and solar electricity capacity in the United States has experienced rapid growth in recent years.93  In 
2015, the United States produced just over 13% of its electricity from renewable sources,94 with hydro 
and wind providing the majority of renewable energy (Table 2.9). The burning of natural gas and coal 
each provided 33% of the nation’s electricity, and nuclear power accounted for 20%.  
Table 2.9. Relative sources of renewable energy used to generate electricity in the United States in 
2015.95 
Energy Source Percent 
Hyrdo 46.3% 
Wind 35.6% 
Biomass waster 5.6% 












Box 3: Clean Energy  
While “clean energy” has a variety of definitions, it is commonly used to refer to energy sources 
that emit relatively low to no emissions of pollution when compared to forms of energy generation 
that are associated with relatively high pollution emissions.  
The U.S. Environmental Protection Agency (EPA)’s definition of clean energy includes demand 
and supply side resources that meet energy demand with less pollution compared to energy created 
by conventional, fossil-based generation. Clean energy resources include energy efficiency, 
renewable energy, cogeneration, and clean distributed generation. 
• Energy efficiency refers to the use of less energy to provide the same or improved 
level of service to the energy consumer in an economically efficient way. It is also 
called virtual supply.  
• Renewable energy refers to energy generated partially or entirely from non-
depleting energy sources for direct end use, or electricity generation either on-site 
or at a central station. The definition may vary across states, but it usually includes 
wind, solar, and geothermal energy. Some states also consider low impact or small 
hydro, biomass, biogas, and waste-to-energy to be renewable sources. 
• Combined heat and power or cogeneration is a clean and efficient technology that 
improves the conversion efficiency of traditional energy systems by using waste 
heat from electricity generation to produce thermal energy for heating and cooling 
in commercial or industrial facilities.  
• Clean distributed generation refers to small-scale renewable energy and combined 
heat and power (CHP) at the customer or end-use site. 
For this report, we use the term clean energy for sources of energy production that are renewable 
(such as wind, solar, hydro, geothermal, and biomass) or are energy efficient (including LED 
lightbulbs, well-insulated buildings, and high-efficiency appliances and motors). While there have 
been arguments both for and against considering nuclear energy as clean, we take no position on 
nuclear energy as a clean energy source for the purpose of this report because: 1) there are no new 
proposals for nuclear power stations in New England; 2) Vermont Yankee Nuclear Power Plant was 
recently retired; and 3) the Pilgrim Nuclear Power station is expected to be retired in 2019. 
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Renewable energy markets surged in the United States in the first half of 2016 despite uncertainty over 
federal tax credits and a sluggish national economy.96 As well as reaching record levels of investment, 
renewable capacity added in 2015 was the highest ever, with spending 3% higher than in 2011. The major 
customer-base of new clean energy installations is changing as well. Over half of all new national wind 
installations are through power-purchasing agreements signed by large companies, universities, and cities. 
Much of this demand is being driven by large organizations (including General Motors and Google) who 
collectively signed 2,074 MW of power-purchasing agreements in 2015.97  
Solar photovoltaic (PV) continues to be a source of clean energy with significant growth potential. The 
average cost of installing solar has dropped to half its cost in 2010 (Figure 2.7) and a new solar system is 
being installed in the United States every 4 minutes.98 In the first quarter (Q1) of 2014, 1.3 GW of solar 
PV was installed in the United States, which was 80% greater than Q1 in 2013, accounting for 3/4 of all 
new electric generating capacity in the United States. PV installations were forecast to reach 6.6 GW by 
2014, nearly double the market size of 2012.99 There are approximately 800,000 solar projects across the 
country and the United States is now the third largest consumer of solar energy in the world. While solar 
energy has been viewed as being accessible primarily by higher income households, the majority of recent 
growth in rooftop solar households in Arizona, California, and New Jersey are located in middle-class 
neighborhoods with median incomes between $30,000 and $50,000.100 Installations in Massachusetts 
overall closely matched the distribution of income throughout the state (Figure 2.8).101 A study by Yale 
University found that income was not a key factor in adoption, and that the largest factor influencing 




Figure 2.7. Annual estimated capital costs for utility-scale solar PV technologies from various agencies, 
2005 to 2015. Figure from EIA.103 Data from the EIA, Annual Energy Outlook (2003 to 2015); LBNL, 
Tracking the Sun 2014; LBNL, Utility-Scale Solar (2013 to 2014); Black & Veatch, Cost and 
Performance Data for Power Generation Technologies; NREL, Annual Technology Baseline 2014; 
Lazard, Levelized Cost of Energy (version 3–8).  
 
Figure 2.8. Solar installations and household income levels in Massachusetts. Figure from Hernandez 
(2014).  
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In recent years, energy efficiency has become increasingly recognized as the least-cost mechanism to 
meet a regional energy demand.104 Energy efficiency is a conservation mechanism that has reduced the 
demand for energy, and can be viewed as “virtual supply,” in that it can meet the same required services 
by displacing another energy source and therefore reduce the need for additional—and often more 
expensive—generating capacity.105 Energy efficiency investment across the 29 member countries that 
make up the International Energy Agency—which includes the United States, Canada, Australia, and 
many European and Asian countries—has avoided approximately $6 trillion in energy costs since 1990, 
with $550 billion saved in 2014 alone.106 Buildings account for more than 30% of global energy demand 
and received $90 billion in worldwide investment in energy efficiency capital projects in 2014. In the 
United States, utility companies spent $7.7 billion for energy-efficiency programs nationwide in 2015, an 
increase of 5.4% from 2014.107 
In terms of public opinion, clean energy has received broad bipartisan support. Nationally, 4 out of 5 
registered voters support accelerating the development of clean energy.108 Evidence of this bipartisan 
support is seen in the Portman-Shaheen energy bill that was introduced in the U.S. Senate in 2015 by 
Senator Jeanne Shaheen (D-NH) and Senator Rob Portman (R-OH). The bill expands energy efficiency 
through a model building energy code, provides funding for energy efficiency programs in buildings, 
manufacturing, and federal government. The bill is projected to create 192,000 new jobs, save $16 billion 
annually in U.S. energy costs, and avoid 95 million tonnes of greenhouse gas emissions by 2030.109 
Energy efficiency preserves household income and is associated with other economic benefits, including 
job creation with fair wages and environmental benefits, which include reduced levels of pollution.110  
Box 4: Pricing Carbon  
by Julie Fox Gorte, PAX World Mutual Funds 
Pricing carbon is shorthand for putting some sort of levy on emissions of heat-trapping gases, 
through, for example, a carbon tax, fee and dividend, or a cap-and-trade system. Many nations and a 
few states already do this; some have taxes and others have systems that establish carbon markets.  
These policy instruments share a common aim: to reallocate the costs imposed by unpriced or free 
emissions of heat-trapping gases from those who suffer the consequences of climate change to the 
emitters. 
Pricing carbon does 3 things. The simplest is establishing accountability, placing the burden for 
environmental damage on those who create it. Environmental pollution of all types imposes costs on  
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Box 4 (continued): Pricing Carbon  
 society so long as it is free to the polluter. This polluter-pays principle underpins most 
environmental regulation. In the case of emissions of heat-trapping gases, the value at risk from 
climate change is staggering, from a mean present-value estimate of $4.2 trillion (roughly 
equivalent to the entire GDP of Japan), to the possibility of $43 trillion if we continue along a 
business-as-usual path, which leads to approximately 6⁰C warming over the 21st century.  The 
Stern Review, one of the most comprehensive efforts to date to examine the economics of 
climate change, estimates that inaction will penalize global GDP to the tune of 5% annually, 
“now and forever.”   
For individual companies, the risks of inaction may also be significant. Risky Business, an 
initiative to assess economic risks associated with climate change, noted that American 
businesses and consumers face escalating risks, particularly in damage to coastal property and 
infrastructure due to increasingly severe coastal storms and sea-level rise, declining labor 
productivity and human health due to extreme heat, shifting agricultural productivity, and rising 
electricity costs due to climate change.  In the Northeast region, the major impact is expected 
from sea-level rise. Risky Business points out that 88% of the population in this region lives in 
coastal counties, and over two-thirds of the region’s GDP is also concentrated in those counties. 
The cost of inaction in coastal Northeast communities from storm surge could increase 2-to-4-
fold over the century. For businesses, this creates additional risks in addition to their own 
vulnerability to the physical changes made by climate change. The biggest emitters will face 
reputational risks, which McKinsey defines as “the probability of profitability loss following a 
business’s activities or positions that the public considers harmful.”  Moreover, the greater the 
losses, the higher the probability of increased regulation of emissions, and businesses that are 
not prepared to assess and manage their carbon footprints could lose competitive ground. 
Carbon pricing also creates market incentives for action on 2 fronts: 1) reducing emissions, and 
2) producing alternatives to polluting activities. Experts agree that reducing emissions cannot be 
done without phasing out the use of fossil fuels (coal, oil, and gas); putting a tax or levy on 
burning these fuels would create economic incentives to reduce their use, or at least significantly 




2.2.2 New England and New Hampshire Renewable Energy and Energy Efficiency Markets  
All of the New England states share natural gas and electric power infrastructure and therefore regional 
decisions on infrastructure have a direct impact on energy affordability and security for each individual 
New England state, including New Hampshire. As New England does not have any indigenous forms of 
fossil fuel, it depends upon a combination of locally produced energy from renewable resources (i.e., 
hydro, wood biomass, wind, solar, and geothermal), nuclear energy, and imported fossil fuels. 
Electricity is generated from a variety of sources in New England (Figure 2.4). Since 2000, there has been 
a significant shift in the source of energy used to generate electricity in New England with an increase in 
the burning of natural gas displacing coal and oil-based power generation. The New England region’s 
transition to natural gas for its electric power generation has been a rapid one, growing from 15% of 
generation in 2000 to 49% in 2015 (Table 2.4). Nuclear energy remains an important source of energy for 
New England (Figure 2.4, Table 2.4); however the proportion of electricity generated by nuclear energy 
will likely decrease in the future with the proposed retirement of the Pilgrim nuclear power plant in 2019. 
In response to mounting scientific evidence that human activities are now the major driver of global 
climate change,111 New England has been a leader in developing policies and practices to reduce the 
emission of heat-trapping gases.112 This includes the New England Governors/Eastern Canadian Premiers 
(NEG/ECP) 2001 Climate Change Action Plan that called for a reduction in emission of heat-trapping 
Box 4 (continued): Pricing Carbon 
Carbon prices also create economic stimuli to produce alternatives to the activities that result in the 
highest emissions, including renewable energy in producing electricity, electric power trains for 
motor vehicles, and stepped-up research and development in things like electricity storage, carbon 
sequestration, and other zero-emissions technologies.   
Many governments already impose carbon prices around the world, and increasingly, businesses 
are as well. According to CDP, 437 companies were using an internal carbon price in 2015, and 
more than 500 companies were planning to use one by 2017.  Experience with carbon taxes and 
pricing mechanisms in the Northeast,  the Canadian province of British Columbia,  and Sweden  
show that carbon levies can be imposed without harm to economic growth. Canada recently 




gases of 75% to 85% below 2001 levels by 2050,113 and the subsequent development of detailed state 
Climate Action Plans in all 6 New England states between 2004 and 2009.114 In August of 2015, the 
NEG/ECP adopted an interim goal of reducing emission of heat-trapping gases by 35% to 45% below 
1990 levels by 2030.115  
Even as the combined state GDP for all six New England states has increased by 9.7% from 2005 - 2015  
overall energy use and electricity consumption have declined 9.6% (Figure 2.9), clearly illustrating the 
separation of energy use from a growing economy over the past decade. Energy intensity (energy use 
divided by GDP) for 5 of the 6 New England states (the exception is Maine) is lower compared to the U.S 
average, and much lower for the southern New England states (Figure 2.10), demonstrating that New 
England consumes less energy per dollar of GDP compared to the U.S. average. Over the past decade, 
New England’s average energy intensity has improved by 12.7%. This has been a factor in the 
corresponding decrease in the emissions of heat-trapping gases from energy use across New England. 
Emissions associated with energy use have decreased 15% from a high of 183 million tonnes of carbon 
dioxide equivalent (MMTCO2e) in 2003 to 156 MMTCO2e in 2014.116 Emissions from the electric power 
sector have fallen 26% since 2003, from 42 to 31 MMTCO2e.  
 
Figure 2.9. New England energy consumption117 (black solid line) and real state GDP118 for New England 
(dashed green line), 2000 – 2015. 
35 
 
Figure 2.10. Energy intensity (energy use in trillion BTU divided by real state gross domestic product in 
billion $2015) for the New England states and the entire U.S. from 2000 – 2015. Lower values of energy 
intensity indicate a decrease in the amount of energy consumed per dollar of GDP.  
A major driver in the New England region for clean energy has been public policies to improve energy 
efficiency (and thereby reduce overall energy use), increase the amount of renewable energy produced, 
and reduce the emissions of heat-trapping gases. State-based public policy programs in support of clean 
energy include renewable portfolio standards (RPS), net metering, and energy efficiency resource 
standards (EERS).119 Two additional programs that have had a significant impact on clean energy in the 
New England region are the RGGI,120 and the Massachusetts Global Warming Solutions Act.121 Both 
have been factors in support of increased clean energy penetration in the New England marketplace. 
From 2001 to 2014, the generation of electricity from renewable energy in New England increased from 
132 to 183 trillion BTU (Figure 2.4), an increase of 39%. In 2014, renewable energy was used to generate 
over 17.5% of the total electricity generated by electric utilities in New England. Most of this renewable 
energy was provided by wood, hydroelectric power plants, and wind turbines (Table 2.10). In 2014, 
contributions from distributed solar PV in New England provided an additional 16.5 trillion BTUs of 
energy.122 
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Table 2.10. Renewable energy used by electric utilities to generate electricity in New England in 2014.123 
(Table does not include energy from distributed solar energy). 
Energy Source Trillion BTU Percent 
Wood 93.3 50.9% 
Hydro 67.6 36.9% 
Wind 19.2 10.5% 
Solar/PV 3.3 1.8% 
Total 183.4   
 
New England has also led the nation in improving the efficiency of energy use. The American Council for 
an Energy-Efficient Economy (ACEEE) produces an annual ranking of state policies for energy 
efficiency (Table 2.11). This index was developed to highlight differences in state energy efficiency 
activity through a well-grounded foundation comparing policy and program choices. The 6 policy areas 
evaluated are: 1) utility and public benefits programs and policies, 2) transportation policies, 3) building 
energy codes, 4) policies encouraging CHP systems, 5) state government–led initiatives around energy 






















































1 California 15 10 7 4 7 2 45 1 1.5 
1 Massachusetts 19.5 8.5 7 4 6 0 45 0 1 
3 Vermont 19 7 7 2 5 0 40 0 0.5 
4 Rhode Island 20 6 5 3.5 5 0 39.5 0 3 
5 Connecticut 14.5 6.5 5.5 2.5 6 0.5 35.5 1 0 
5 New York 10.5 8.5 7 3.5 6 0 35.5 4 3 
7 Oregon 11.5 8 6.5 2.5 5.5 1 35 -3 -1.5 
8 Washington 10.5 8 7 2.5 6.5 0 34.5 0 1 
9 Maryland 9.5 6.5 6.5 4 5.5 0 32 -2 -3 
10 Minnesota 12.5 4 6 2.5 6 0 31 0 0 
11 Maine 10.5 5.5 3 3 5 0 27 3 3.5 
21 
New 
Hampshire 9.5 1.5 4 1 3.5 0 19.5 -1 0 
  
New England 
Average 15.5 5.8 5.3 2.7 5.1 0.1 34.4    
  U.S. Average 5.9 3.6 4.4 1.3 3.9 0.1 19.2     
 
In 2016, the national average score was 19.2. Massachusetts tied California for the highest rank at a total 
score of 45 out of 50. Vermont, Rhode Island, and Connecticut were all within the top 5 for energy 
efficiency. Maine ranked 11th and NH ranked the lowest out of New England with a rank of 21 and a 
score of 19.5. While New Hampshire was in line with the overall nation for supportive energy efficiency 
policy, the state lags far behind the New England region’s average score of 34.4.  
In 2015, the energy efficiency programs in the New England states spent a total of $937 million on 
electric energy efficiency (Table 2.12), while the entire United States spent $6.7 billion on electric energy 
efficiency.126 Massachusetts was the highest in New England by total spend at $558 million; Vermont had 
the highest per capita energy efficiency spend in New England at $86.90. In contrast, New Hampshire had 
both the lowest total spending and amount spent per capita out of the New England states with $26 
38 
million in total spend and a per capita spend of $19.20. New Hampshire’s per capita spend was almost 
80% less than that observed for Vermont. 





$ per capita 
Vermont  $54   $87  
Massachusetts  $558   $82  
Rhode Island  $83   $79  
Connecticut  $174   $48  
Maine  $43   $32  
New Hampshire  $26   $19  
New England  $937    
U.S. Median  $51   $16  
 
The RGGI is the first mandatory “cap and trade” greenhouse gas emissions program in the United States. 
RGGI is a regional program that includes the states of Connecticut, Delaware, Maine, Maryland, 
Massachusetts, New Hampshire, New York, Rhode Island, and Vermont. This program places a limit or 
“cap” on the emissions of greenhouse gases from the electric power sector, and allowances are issued to 
the states who auction off the allowances. Power plants are required to acquire allowances or “trade” 
equivalent to their emission levels. The 2016 RGGI cap is 86.5 million short tons, and this declines 2.5% 
annually until 2020. The proceeds from the auctions are used to fund programs that benefit rate payers 
and, in New Hampshire, a portion of the proceeds are refunded to rate payers. 
Through 2014, $1.37 billion in auction proceeds have been invested in energy efficiency, renewable 
energy, greenhouse gas reduction projects, and direct bill rebates.128 Investment to date is expected to 
generate a return of $4.67 billion in lifetime energy bill savings to 4.6 million participating households 
and 21,400 businesses. In addition to energy cost savings, these investments are expected to support 
energy security by reducing 76.1 trillion BTU of fossil fuel use and 20.6 million MWH of electricity.  
While the amount of energy used to generate electricity in New England shows a decrease over the past 
decade (from a peak of 1,261 trillion BTU in 2005 to 1,049 trillion BTU in 2014), winter peak demand 
has remained relatively flat since 2004 (except for the peak during the winter of 2013/14), and summer 
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peak demand has remained relatively flat since 2006 (Figure 2.11). ISO New England has forecast winter 
peak demand under severe conditions to reduce by 0.3% annually from 22,026 MW in 2017 to 21,405 
MW in 2025 when adjusted for passive demand reduction. ISO New England has also forecast a decline 
demand with New England’s annual electricity use. They expect it to decline by 0.2% annually over the 
next decade, from 128,014 gigawatt-hours (GWH) in 2016 to 125,213 GWH in 2025 when adjusted for 
solar PV and passive demand reduction.129  
 
Figure 2.11. ISO New England reconstituted peak load during summer and winter from 2000 to 2016.130 
Interconnection requests (requests made by companies to connect electric generation assets to the regional 
power grid) indicate how the generation mix may change over the next several years. Between 2016 and 
2020, more than 11,000 MW of capacity have been proposed (Table 2.13), representing 35% of total 
existing generating capacity of 31,000 MW131 . Note that Table 2.13 does not include interconnection 
requests for imported hydroelectric energy from Canada. Almost 60% of proposed generation is natural 
gas or dual fuel (natural gas and oil). Approximately 35% of proposed generation is wind, mostly in 
Maine. The remaining 8% is other generation types, which is predominantly renewable energy. 
Approximately 600 MW or two-thirds of the proposed other generation is solar. While not all projects 
will necessarily be constructed, is the interconnection requests still serve as a useful indicator of how new 
generation may impact the energy mix over time. From a reliability perspective, one report suggests that 





Table 2.13. New England interconnection requests (in MW).133 
Generation Type 2016 2017 2018 2019 2020 Total 
Natural Gas 22 858 209 1,203  --- 2,292 
Natural Gas/Oil 20 14 1,008 1,176 1,973 4,191 
Wind 503 345 1,633 1,544  --- 4,025 
Other 123 258 193 266 71 910 
Total 668 1,474 3,043 4,189 2,044 11,418 
 
Among plans to build new transmission lines to import hydropower from Quebec into New England 
include the Northern Pass project134 designed to bring 1,090 MW through New Hampshire and the 1,000 
MW New England Clean Power Link transmission line underneath Lake Champlain and into Vermont.135 
This analysis does not specifically focus on imported hydroelectric as that topic is beyond the scope of 
this research project. However, given that New Hampshire energy stakeholders have expressed interest in 
the issue of imported hydropower, we direct the reader to the Analysis Group report.136 They found that 
under a 2,400 MW firm import scenario, the annual costs to implement were greater than the estimated 
cost savings by approximately $285 million per year—but they also found that this scenario did reduce 
greenhouse gas emissions by roughly 7 million tonnes per year. 
The potential future expansion of nuclear power plants was also not considered in this study as there are 
currently no interconnection requests for new nuclear power plants through 2020. However, the 2014 
retirement of the Vermont Yankee Nuclear Power Plant in Vernon, VT (nameplate capacity of 604 MW) 
and the proposed retirement of the Pilgrim Nuclear Power in Plymouth, MA (nameplate capacity of 685 
MW) in 2019 has raised concerns regarding the reduction in carbon-free generating capacity across New 
England.137 
 
2.3 New Hampshire in the Context of the New England Electrical System 
Within the New England regional power grid in 2014, New Hampshire accounted for approximately 12% 
of the New England region’s total electricity sales and 19% of total electric generation.138 The single 
largest source of electricity generated in New Hampshire is the Seabrook Station nuclear power plant 
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(Figure 2.12). In terms of clean energy, renewable energy has been one rapid area of growth for New 
Hampshire. From 2001 to 2014, the generation of electricity from renewable energy in New Hampshire 
increased from 27 to 40 trillion BTUs (Figure 2.12), an increase of 48%. In 2014, renewable energy 
generated over 20% of the total electricity generated by electric utilities in New Hampshire; most of this 
renewable energy was generated by wood and hydroelectric power plants (Table 2.14). Distributed solar 
PV provided minor contributions at 0.3 trillion BTU. 
 
Figure 2.12. New Hampshire electric power generation from fossil fuels (coal, oil, natural gas), nuclear, 
and renewable sources of energy from 2000 to 2014.139 
 
Table 2.14. Renewable energy used by electric utilities to generate electricity in New Hampshire 140(Data 
does not include distributed solar energy). 
Energy Source Trillion BTU Percent 
Wood 22.9 57.4% 
Hydro 13.1 32.8% 
Wind 3.9 9.8% 
Solar/PV 0.0 0.0% 
Total 39.9   
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New Hampshire also invests in energy efficiency as a demand side resource, such as it has done through 
its participation in the RGGI and its CORE energy efficiency electric and gas utility programs. The utility 
efficiency programs are funded both through the System Benefits Charge (SBC), Forward Capacity 
Market Payments and through RGGI auction proceeds. SBC funds have been consistent for over a 
decade, while the RGGI funds have not. 
Through 2014, New Hampshire received $76.3 million in RGGI proceeds. Energy efficiency spending 
accounted for $46.1 million, or 60%, of all spending. This was higher than the overall regional average 
where spending on energy efficiency was 44%. In New Hampshire, direct bill assistance accounted for 
$23.8 million, or 31%, of all spending. This was also higher than the overall regional average of 11%. 
The remaining 9% of expenditures went to administrative costs, future contractual commitments and a 
one-time diversion of $3.1 million to the state general fund in June 2010.  
New Hampshire House Bill 1434 (effective June 11, 2008) created the state’s Greenhouse Gas Emissions 
Reduction Fund (GHGERF), which was funded from allowance auction proceeds. The GHGERF offered 
a competitive grant program in 2009 and 2010. The majority of energy efficiency investment occurred 
through a series of grants awarded during this time period.141 Through June 2012, $21.8 million had been 
paid out in 36 grants; cumulative energy savings due to projects that received GHGERF funds are 
expected to be $107.8 million through 2030 based on current energy prices.142 For every dollar spent by 
the GHGERF program as of June 2012, the expected total return was almost $5 in energy savings. 
In 2012, the New Hampshire legislature enacted HB 1490, which ended the GHGERF at the end of 2012, 
and replaced it with the Energy Efficiency Fund (EEF). The bill also placed a cap of $1 for each RGGI 
allowance with any leftover proceeds to be rebated back to rate payers. RGGI funds that were not rebated 
were directed to the CORE energy efficiency programs administered by the state’s utilities. In 2013, the 
New Hampshire legislature enacted SB 123, which required 15% of EEF funds to go to the CORE low-
income weatherization program, and up to $2 million of the remaining RGGI funds for CORE municipal 
and local government energy efficiency projects. SB 268, enacted in June 2014, directs that any RGGI 
proceeds remaining after the rebate to rate payers, the set-asides for the low-income CORE efficiency 
program, and municipal and local government energy efficiency projects be allocated “to all fuels, 
comprehensive energy efficiency programs administered by qualified parties which may include electric 
distribution companies as selected though a competitive bid process.”143 
In August 2016, the New Hampshire Public Utilities Commission approved an EERS to reduce energy 
use in the state.144 An EERS establishes specific, long-term targets for energy savings that are met 
through utility customer energy efficiency programs. EERS programs have been found to be highly 
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effective, with states that have them experiencing 3 times the level of energy savings as those states that 
do not.145 The NH EERS takes effect in January 2018 and has established an initial 3year (2018 to 2020) 
goal of 3.1% electric savings and 2.25% natural gas savings relative to 2014 kilowatt hour (KWH) sales. 
The long-term goal is to capture all cost-effective energy efficiency savings. Given the experience of 
other states, this policy is expected to be a cost-effective way to meet New Hampshire's energy needs.  
New Hampshire also has a statewide RPS. An RPS is a public policy designed to help influence the 
amount of electricity generated from renewable energy resources. RPS policies are meant to encourage 
the development of new renewable energy resources and to help maintain existing renewable energy 
sources. In 2007, the bill to create RSA 362-F passed, which enacted New Hampshire’s RPS through 4 
distinct resource classes.146 New Hampshire’s RPS calls for 24.8% of retail electricity sales to come from 
renewable energy resources by the year 2025. The Renewable Energy Fund (REF) was created by the 
New Hampshire RPS to directly support renewable energy initiatives. The REF is funded by Alternative 
Compliance Payments (ACPs) made by retail electric providers under the RPS when there is a market 
shortage of Renewable Energy Certificates at prices at or below the ACP. The REF revenues from ACPs 
fluctuate from year to year. The REF leverages non-state funding nearly 5:1 into projects for towns, 
schools, businesses and homes all around New Hampshire. This amounts to $108 million in non-state 
investment into New Hampshire, as of June 2016.147  
Net metering is a billing arrangement that allows renewable energy generation systems under 1 MW to 
spin the electric meter backward when they are producing more electricity than is being used on-site 
(behind the meter), thereby exporting electricity to the electric grid. The customer receives a credit or 
payment for the net exported electricity. New Hampshire passed its current net metering law in 2010, 
which amended an earlier version of the law (RSA 362-A). New Hampshire passed Group Net Metering 
in 2013, which enables rate payers to participate in renewable energy projects that are not directly behind 
their own meter. Currently, approximately over 50 MW of generation are net metered across the state.148 
Future growth in electricity consumption in New Hampshire is estimated to be modest based on the 
baseline ISO New England forecast for New Hampshire from 2014 to 2025 and on calculating an annual 
growth rate (Table 2.15). ISO New England demand forecast differs slightly from how NH utilities report 
consumption to the NH Public Utility Commission. In 2014, ISO New England reported NH electricity 
consumption of 11.7 million MWH, while the utilities reported 10.7 million MWH, or a 7.8% difference. 
This difference is explained by transmission losses that are included in the ISO New England figure but 
not the utilities. The annual growth rate from the ISO New England forecast was applied to the 2014 
utility-based consumption figure from 2015 through 2025. The slight growth in the New Hampshire 
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electricity demand forecast runs counter to the slight decline in the New England forecast; one 
explanatory factor is New Hampshire’s low level of investment in energy-efficiency programs. 
 




2017 10,859 0.7% 
2018 10,934 0.7% 
2019 11,003 0.6% 
2020 11,040 0.3% 
2021 11,081 0.4% 
2022 11,128 0.4% 
2023 11,180 0.5% 
2024 11,232 0.5% 
2025 11,281 0.4% 
 
2.4 Price and Cost of Energy in New Hampshire 
In 2014, New Hampshire spent $6.36 billion on energy, with energy expenditures increasing at a rate of 
5.4% per year since 2010 (Table 2.16).150 Of the total energy expenditures in 2014, approximately one out 
of every $4 ($1.67 billion) was spent to pay for electricity. The largest single expenditure was for fuel for 
transportation (motor gasoline and jet fuel; $2.45 billion, almost 40% of total) followed by oil and 
propane (used primarily for heating; $1.83 billion). The NH Office of Energy and Planning has estimated 








Table 2.16. Expenditures ($ billions) on energy in New Hampshire from 2010 to 2014.152 
Energy Source 2010 2011 2012 2013 2014 
Gasoline & jet fuel $2.04 $2.55 $2.57 $2.54 $2.45 
Oil & propane $1.26 $1.58 $1.53 $1.63 $1.83 
Retail electricity $1.62 $1.60 $1.54 $1.58 $1.67 
Natural gas $0.27 $0.29 $0.26 $0.30 $0.35 
Biomass $0.04 $0.05 $0.05 $0.07 $0.07 
Total $5.23 $6.07 $5.95 $6.12 $6.36 
 
In 2013, the average New Hampshire household paid $4,400 on household utilities, fuels, and public 
services (as defined by the U.S. Bureau of Labor and Statistics), $700 above the U.S. average of 
$3,700.153 However, median family income in New Hampshire is also substantially higher than the 
national median at $80,600 versus $65,900.154 When adjusted for income, NH residents pay a similar 
portion of their income to household energy-related expenses as the overall U.S. resident at 5.5% 
compared to 5.6%. The prices and costs in New Hampshire are similar to those across the other New 
England states. It can be challenging to benchmark energy bills across different regions of the country due 
to different climate conditions, different sources of energy, and different overall costs of living. While 
direct cost comparisons are not perfect, they do provide a reasonable basis for energy cost comparison. 
The evidence suggests that the overall percentage of income paid by NH residents towards household 
energy is similar to the United States average. 
In 2015, New Hampshire ranked 5th highest in the United States for residential natural gas prices and 3rd 
highest in United States for commercial natural gas prices. The average NH residential gas price was 
$16.18 per thousand cubic feet and the average NH commercial natural gas rate was $13.63  per thousand 
cubic feet.155 The residential price was 36% higher than the U.S. average ($10.38) and the commercial 
price was 42% higher than the U.S. average commercial retail natural gas price ($7.91).  
In 2015, New Hampshire ranked 8th highest for electricity prices in the United States with an average 
retail electricity rate of 18.5 cents per KWH (Figure 2.13). This was 46% higher than the U.S. average 
retail electricity rate and was the fourth highest in New England. Connecticut (20.9 cents per KWH), 
Rhode Island (19.3 cents per KWH), and Massachusetts (19.8 cents per KWH) all paid higher electric 
rates than New Hampshire in 2015. Since at least1990, New Hampshire has consistently experienced 
electric rates that are about 50% higher than the U.S. average. Over this same time period, New England 
has also experienced the highest electricity rates of any region in the country. Figure 2.13 shows the New 
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Hampshire, overall New England, and overall U.S. average electricity rate when adjusted for inflation.156 
Current rates are within historical bounds when all rates are adjusted for inflation. However, in 2015, the 
average monthly NH residential electricity bill was $115, lower than the New England monthly average 
of $122 but very close to the U.S. monthly average $114.157 
 
Figure 2.13. Residential electricity rates158 (adjusted for inflation) in New Hampshire, New England, and 
the United States from 1990 to 2015. 
Transmission costs are one of the variables that explain why New England’s energy rates are higher. In 
comparison with other regions of the country, New England’s transmission costs make up a larger share 
of electric costs.159 Since 2002, New England has invested $12 billion in transmission projects, which is 
relatively higher than the overall country.160  
The average monthly NH commercial electric utility bill in 2015 was $529, much lower than the New 
England monthly average of $786 and lower than the U.S. monthly average commercial bill of $671.161 
Also, overall NH business activity, as reflected by state GDP, was similar the national average. In 2014, 
the U.S. GDP per capita was $54,629 and the New Hampshire GDP was slightly less at $53,261, a 
difference of less than 2%.162 This is also consistent with the overall trend of continuing growth of U.S. 
GDP while energy use is decreasing, primarily due to transition to more service-oriented, less energy 
intensive business sectors.163  
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We conclude that New Hampshire’s current electric bills reflect a long-standing trend compared to 
national averages and overall do not disproportionately impact NH residents or businesses. However, 
there are some customers and industrial users of large quantities of electricity who are likely 
disproportionately impacted by higher electricity rates, which could negatively impact their household 
finances or business profits.  
While the average electric bill in New Hampshire is lower than the overall national average despite 
having higher prices for electricity, there are opportunities to further reduce the overall cost of electricity. 
This is specifically important for electricity customers that have higher exposure to New Hampshire’s 
higher electricity prices. This includes commercial and industrial electric users with high electricity 
demand and low-income residential households that pay a greater portion of their income for energy. The 
costs to New Hampshire for supporting low-income electricity assistance are not insignificant. In 2015, 
approximately 33,000 low-income NH households participated in the Electric Assistance Program. The 
annual cost of this program is approximately $16 million and is funded through a systems benefit 
surcharge paid by all NH residents. 
The high price of energy faced by New Hampshire is a result of several factors, including a generation 
mix that is cleaner but has a higher direct cost than the less expensive and dirtier power production that 
characterizes the national average.164 New Hampshire and the rest of New England also have higher 
transmission and distribution costs that have been steadily increasing and are becoming a larger portion of 
the overall electric bill.165 Historical investment decisions, high population density, and the region’s lack 
of indigenous fuel sources and location at the “end of the pipeline” for the transport of fossil fuel 
contribute to higher prices. However, New England has adapted to being a higher cost region. This is due 
in part to the industry mix that has adapted to higher energy costs in the region through energy efficiency 









Box 5: The Polar Vortex of 2013/14 
In early January 2014, an extreme arctic cold front descended across the United States and 
Canada. Temperatures fell dramatically across the nation, resulting in business and school 
closures and large number of flight cancellations. This event strained that national power system 
and several regions experienced forced service outages. On January 6 and 7, record high electrical 
demand occurred in the Midwest, South, Central, and Eastern regions of the nation. This, coupled 
with high heating demand, increased the demand for natural gas nationally. Natural gas prices 
spiked in New England (see Algonquin Citygate natural gas spot price, Figure 2.3) as it competed 
nationally for natural gas to meet heating and electrical demand. The price spikes associated with 
this event have been frequently cited by industry as justification for new pipeline expansion in the 
Northeast. However, not only did the ISO New England power grid provide sufficient electricity 
to New England consumer during this time period, ISO New England actually assisted the PJM 
(Mid-Atlantic) energy marketplace by dispatching additional generation units in New England. 
Subsequent analysis of the challenges and commercial conditions experienced during the 2013/14 
polar vortex point towards market coordination problems as a primary cause for the high prices 
experienced at that time. 
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Box 6: The Price Spike on August 11, 2016 
As daytime temperatures soared above 90oF, a lighting strike on August 11, 2016 caused a 
significant capacity deficiency (ISO Operating Procedure No. 4: Action During a Capacity 
Deficiency) on the New England power grid. This caused the 918-MW Millstone 2 nuclear reactor 
in Connecticut nuclear power plant to go off-line. Real-time wholesale power prices experienced 
spikes to almost $3.00 per KWH compared to a more typical value of $0.06 per KWH. At the time 
of the event, there was only between 100 to 200 MW of wind electrical energy production to help 
offset the loss of the nuclear generation facility. As a result, 65% of the region’s power demand was 
met through natural gas.  
 
Box 7: Stranded Costs from Mercury Scrubbers at Merrimack Station, Bow, New 
Hampshire 
In March 2012, the 440-MW Merrimack Station coal power plant (in Bow, New Hampshire) 
completed the installation of a scrubber system to remove mercury from its emissions created 
during power generation. The total cost of the scrubbers was $409 million. This was the result of 
legislation passed to approve the addition of the scrubbers. However, changes in energy market 
conditions, in large part due to relatively low natural gas prices, has caused coal-based generation 
in New England to run less frequently. In 2015, a compromise was made with the NH legislature to 
allow Eversource, the plant’s owner, to sell the plant and recover the investment in the scrubbers 
through stranded costs charge to rate payers. This resulted in a 0.4 cent per KWH surcharge being 
added to all New Hampshire electricity rate payer electric bills. The estimated sale price of 




Box 8: Aligning Growth with Positive Environmental Impact 
Economists have long legitimized the idea that to provide societal or environmental 
benefits a company must take on added cost which will necessarily temper their 
economic success. By comparison, new ideas of “shared value” suggest that companies 
can enhance their competitiveness in the marketplace, and therefore continuing to 
maximize shareholder returns, while simultaneously making a positive impact on social 
and environmental issues.  
Perhaps one of the clearest examples of this comes from Nashua, NH based Worthen 
Industries, who are making significant investments in renewable energy, including the 
construction of what will be the largest rooftop array in the State of NH when 
completed at the end of January 2017. 
Worthen Industries innovatively develops and manufactures “world class” adhesives 
and coatings; coated flexible webs and extruded films to the highest quality standards 
for selected markets worldwide. Competing in global markets in a high specialized field 
requires the company to continually assess their productivity and efficiency relative to 
competitors.  
In 2016 Worthen Industries designed and constructed solar photo-voltaic installations at 
two of their manufacturing facilities in the Northeast. Together, these two systems will 
offset a significant percentage of facility energy usage in this relatively energy-intensive 
business. The energy production will not only offset carbon emissions of natural gas 
energy generation and respond to increasing interest from their customer base in 
procuring from firms with strong environmental stewardship, but it will provide 
Worthen with a strategic hedge on energy pricing, and provide long term reliability and 
price stability of one of the company’s key sources of cost. 
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 Clinton, MA Solar PV Nashua, NH Solar PV (Cellu 
Drive) 
Technical Details System capacity of 199 
KW on a 20,000 sq ft 
roof area producing 245 
MWh annually 
• 1 Mw installed capacity 
• 2740 panel solar PV project  
• 80,000 sq ft array will produce 
approximately 1,222,000 kWh 
annually 




• 80% • 50% 
Full Burdened 
Payback 
• Less than 4 years • Less than 5 yrs 
 
Worthen’s renewable energy projects are anticipated to provide a return on investment in 
under 5 years. The company effectively utilized State and Federal incentives to make 
these projects possible. Worthen’s Clinton, MA facility was their first project because, in 
part, the Massachusetts Solar Renewable Energy Credits (SRECs) were highly attractive. 
Without State and Federal incentives, the projects would have had a longer payback 
period, emphasizing the importance of public policy and renewable energy investments 
to accelerate the adoption of new, cleaner technology.  
For Worthen’s leaders, it would have been fiscally irresponsible to not follow this course. 
While Worthen’s leaders have a strong commitment to practicing sound environmental 
stewardship, promoting the efficient use of energy and natural resources, and minimizing 
waste, their commitment is driven as much from an understanding that these practices are 
linked to their competitive advantage with customers and the financial returns, as much 
as their personal environmental values.  
Worthen’s actions provide a strong example to other businesses of how competitiveness 
can be aligned with reducing their environmental impact. The case highlights for policy 
makers the pivotal role of incentives to advance adoption of renewable energy.  
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3. NEW HAMPSHIRE’S FUTURE ENERGY CHOICES: 
NATURAL GAS 
New Hampshire needs to assess the opportunities and challenges presented by our future energy needs. 
The choices New Hampshire makes will affect the affordability and reliability of electricity in the state. 
As reviewed in Section 2, there are 2 global energy trends driving New Hampshire’s and New England’s 
energy markets: the rapid growth in the use of natural gas for electric power generation and the rapid 
growth in renewable energy and energy efficiency. To help inform NH policymakers and energy 
stakeholders regarding the economic impacts of different energy policy options, several key studies 
focused on the addition of new intrastate pipelines were reviewed (Table 3.1) and our findings 
summarized in this section. A similar review of clean energy studies was performed (Table 4.1), with 
findings summarized in Section 4. In addition, NH stakeholders have explicitly expressed an interest in a 
direct comparison of the economic impact of investments in new natural gas pipeline infrastructure versus 
investments in renewable energy and energy efficiency. The result of our comparative analysis is 
provided in Section 5. 
3.1 Summary of Interstate Natural Gas Pipeline Expansion Studies 
A suite of relatively recent studies have been performed by energy consulting firms funded by different 
entities (Table 3.1) to estimate the economic impacts of adding new pipeline infrastructure in New 
England. Each particular study employed different methodologies, data, geographic regions within New 
England, and assumptions, and also considered different forecast periods and different approaches to 
identify economic costs, savings, and associated benefits.  
Here, we emphasize common themes identified in the suite of studies that serve to inform stakeholders 
and policy makers regarding potential economic impacts that may flow from the addition of new pipeline 
infrastructure in New England. The Annotated Bibliography included at the end of this report provides a 
brief summary of the key findings of each individual study reviewed in this section.  
In this section, key takeaway points are synthesized; the reader is directed to the underlying study for 





Table 3.1. Recent New England interstate natural gas pipeline expansion studies and key findings. 
Title: Assessing Natural Gas Supply Options for New England and their Impacts on Natural Gas 
and Electricity Prices 
Author & Date: Competitive Energy Services, LLC; February 2014 
Sponsor: The Industrial Energy Consumer Group 
Key Findings: The addition of 1 Bcf/d of new pipeline capacity will result in $1.9 billion in annual 
electricity wholesale savings in New England.  
Title: New England Cost Savings Associated with New Natural Gas Supply and Infrastructure  
Author & Date: Concentric Energy Advisors; May 2012 
Sponsor: Spectra Energy Corporation 
Key Findings: The reduction in wholesale energy cost in New England was estimated to range from 
approximately $240 to $310 million with up to an additional 1.5 Bcf/d of new interstate 
pipeline.  
Title: Natural Gas Infrastructure and Electric Generation: Proposed Solutions for New England  
Author & Date: Black & Veatch; August 2013 
Sponsor: New England States Committee on Electricity (NESCOE) 
Key Findings: New Interstate pipeline capacity would provide $118 million in economic benefit for 
consumers with an additional 1.2 Bcf/d. No long-term infrastructure solutions are needed 
under a low demand scenario, and the outcome of not building any infrastructure under 
this scenario yields a positive net benefit of $411 million compared to normal demand 
scenario. 
Title: Assessment of New England's Natural Gas Pipeline Capacity to Satisfy Short and Near-
Term Power Generation Needs: Phase II  
Author & Date: ICF International; November 2014 
Sponsor: ISO New England Inc. 
Key Findings: Natural gas is expected to remain constrained in New England by 1.1 Bcf/d through 2020.  
Title: Maine Public Utilities Commission Review of Natural Gas Capacity Options  
Author & Date: Sussex Economic Advisors; February 2014 
Sponsor: Maine Public Utility Commission 
Key Findings: New interstate pipeline capacity would provide $18 million in annual net savings for New 
England consumers with an additional 1.0 Bcf/d.  
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Title: Power System Reliability in New England, Meeting Electric Resource Needs in an Era of 
Growing Dependence on Natural Gas  
Author & Date: PJ Hibbard and CP Aubuchon, Analysis Group, Inc.; November 2015 
Sponsor: Massachusetts Office of the Attorney General  
Key Findings: New interstate pipeline capacity would provide $61 million in annual net savings for New 
England consumers with an additional 0.4 Bcf/d. Other alternatives evaluated were LNG 
contracts for an annual savings of $27 million and energy efficiency for an annual savings 
of $146 million. 
Title: Access Northeast Project - Reliability Benefits and Energy Cost Savings to New England  
Author & Date: ICF International; February 2015 
Sponsor: Eversource Energy and Spectra Energy  
Key Findings: New interstate pipeline capacity would provide $780 million to $1.2 billion in annual 
electric savings for New England consumers with an additional 0.9 Bcf/d. 
Title: Winter Reliability Analysis of New England Energy Markets  
Author & Date: Energyzt Advisors, LLC; October 2014 
Sponsor: New England Power Generators Association 
Key Findings: New England does not have near-term power grid reliability issues, and therefore new 
pipeline capacity is not necessary.  
Title: The Economic Impacts of Failing to Build Energy Infrastructure in New England  
Author & Date: LaCapra Associates, Inc. & Economic Development Research Group; August 2015 
Sponsor: New England Coalition for Affordable Energy 
Key Findings: The region will pay $5.4 billion in higher energy costs between 2016 and 2020 due to 
inadequate natural gas infrastructure relative to a scenario, including 1.7 Bcf/d of new 
pipeline capacity. 
 
Two common topics addressed in the studies were: 1) power system reliability, and 2) wholesale natural 
gas prices. Analysis of power system reliability considers whether existing natural gas delivery 
infrastructure limitations are expected to lead to grid failure (including forced blackouts) under certain 
conditions and assumptions. Analysis of wholesale natural gas prices considers the context of additional 
pipeline infrastructure as an intervention mechanism to alter the price of wholesale natural gas delivered 
to the New England marketplace. These studies also considered different scenarios involving the level of 
natural gas demand, infrastructure outages, and fuel type availability (including oil and LNG) to draw 
conclusions on reliability and/or wholesale natural gas prices. 
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The majority of the studies focused on the impact of increased pipeline infrastructure on wholesale 
natural gas prices; short-term grid system reliability was less of a focus. However, the 2015 La Capra and 
Economic Development report (2015, p.4) stated “Indeed, the region may be able to continue over the 
short term with the current buildout from a reliability perspective…” Energyzt Advisors (2014, p.4) 
reached a similar conclusion stating “New England has adequate energy infrastructure to meet its winter 
reliability objectives now and into the near future.” ICF International (2014) projects that power plant 
retirements under nominal demand would increase the demand for natural gas by approximately 0.5 Bcf/d 
by 2020. However they did not indicate that this increased demand would negatively impact grid 
reliability. Black & Veatch (2013) found under a base case that demand growth for natural gas could be 
problematic by 2022, but that infrastructure solutions were not warranted under a lower demand scenario. 
Analysis Group (2015, p. iii) found that “Under the base case analysis, power system reliability can and 
will be maintained over time, with or without additional new interstate natural gas pipeline capacity.” 
Analysis Group (2015) did however find that under a stressed system scenario, power system reliability 
issues could emerge by the winter of 2024/25. 
While the polar vortex event of the winter of 2013/14 has been cited as evidence of the need for further 
investment in natural gas infrastructure,166 the event also demonstrates the resiliency of the New England 
power grid in severe operating conditions. The event impacted the Midwest, South Central and East Coast 
regions of the United States. The demand for natural gas was at record or near record levels throughout 
this time period at many of the nation’s reliability coordinators, including PJM Interconnection,167 and 
Tennessee Valley Authority. Not only did the ISO New England power grid not fail during this time 
period, ISO New England actually assisted the PJM marketplace by dispatching additional generation 
units in New England.168  
The overall consensus was that, under baseline New England demand growth scenarios, grid reliability 
issues are not expected in the near future, and none of the studies reviewed stated even the possibility of 
reliability issues emerging until after 2021. However, several studies found that under extreme scenarios 
of significant but rare power grid system events (such as a nuclear plant outage—see Box 6: The Price 
Spike on August 11, 2016) combined with worst case winter weather conditions or significantly higher 
than expected reliance on natural gas, power grid reliability issues could potentially emerge. 
A common theme that emerged across the studies is that with an unchecked increase in natural gas 
demand, there will be a need for new natural gas capacity, and this would result in New England having 
significantly higher natural gas wholesale and electricity prices relative to the overall nation. The 
common analysis supporting this conclusion is to compare the historical price spread between the 
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Algonquin Citygate spot natural gas price (representing delivery prices to New England) in comparison to 
either the Texas Eastern M-3 (representing delivery price immediate to the Appalachian Basin) and/or the 
Henry Hub (representing the overall national delivery price) spot natural gas price. 
A variety of statistical techniques were employed across these studies to demonstrate a historical 
relationship between an elevated Algonquin Citygate price spread during time periods of natural gas 
pipeline constraints. One consistent relationship that emerged was a positive correlation between 
Algonquin Citygate prices and regional wholesale electricity prices; when New England natural gas 
prices were high or spiked, a similar elevation or spike in New England wholesale electricity prices was 
more likely to occur. The widely used explanation was that, because of New England’s high reliance on 
natural gas for power generation and its high frequency as the marginal price setter for electricity prices, 
an increase in wholesale natural gas increased natural gas plant operating costs. Therefore, natural gas 
power plants generated higher bids to deliver electricity into the regional power grid during periods of 
elevated natural gas prices, which increased the overall wholesale electric power cost for the region. In 
general, these elevated prices have been experienced during a limited number of “needle peak” days 
during periods of high natural demand due to cold weather.  
Another consistent relationship identified was an increasing frequency from the late 2000s through 2014 
in the number of days when the price spread between Algonquin Citygate and other baseline price points 
was elevated. This means that the number of days in which natural gas prices were higher in New 
England relative to other areas of the country has been showing an increasing trend. A conclusion drawn 
across several studies is that the market is signaling (through prices) that some form of capacity addition 
is necessary to prevent the trend of increased frequency of days with elevated natural gas prices in New 
England. 
The range of new pipeline infrastructure that has been evaluated in studies ranges between 0.3 Bcf/d and 
2.0 Bcf/d with a range of 1.2 to 1.5 Bcf/d representing the “typical” value for the amount of new pipeline 
infrastructure required to reduce the price spread between the Algonquin Citygate and other common 
reference natural gas prices. Reported savings varied. ICF International (2015) projected ongoing annual 
wholesale electric savings between $780 million and $1.2 billion for approximately an additional 1 Bcf/d. 
This appears representative of the overall range for other studies that have only examined the gross 
wholesale savings (meaning that they did not include the annualized costs associated with new pipeline 
infrastructure). Studies that included net savings have ranged from approximately $20 to $60 million 
annually.  
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Some studies also considered other scenarios for comparison. Black & Veatch (2012) and Analysis Group 
(2015) specifically considered investment in energy efficiency and demand reduction in lieu of new 
natural gas pipeline additions. Black & Veatch (2012) calculated a total net benefit of $497 million in a 
“negative demand growth” scenario of increased renewable energy and energy efficiency compared to a 
net benefit of $118 million for 1.2 Bcf/d of increased new pipeline capacity. Analysis Group (2015) found 
a similar relationship with energy efficiency/demand reduction having a net rate payer impact of $146 
million compared to $61 million for up to 0.4 Bcf/d in new pipeline capacity. 
Many of the studies either directly or indirectly included analysis of LNG infrastructure. The results for 
these analyses were more mixed, ranging from projections that LNG would not be economically viable to 
meet future natural gas needs in New England to projections that LNG would economically meet any 
incremental demand for natural gas. For example, ICF International (2015) stated that LNG will compete 
with the global market for spot LNG cargos and noted that few spot cargos were delivered during the 
winter of 2013/14; therefore they assumed low to no future LNG terminal sendout. In contrast, Analysis 
Group (2015) projected a potential enhanced role for LNG through contracting, resulting in net ongoing 
annual savings of $27 million. 
3.2 Analysis of Interstate Natural Gas Pipeline Expansion Studies 
3.2.1 Overview 
New Hampshire is in the position of trying to understand a complex topic with potentially high costs for 
rate payers depending upon the choices made (for an example of a previous misstep in NH energy policy 
with high cost impacts, see Box 7: Stranded Costs from Mercury Scrubbers at Merrimack Station, Bow, 
New Hampshire). Proponents of expanding pipeline infrastructure include utility companies, energy 
consulting firms, ISO New England, industry trade groups, and large energy users. They highlight 
pipeline and transmission constraints as the root cause of New England’s and New Hampshire’s high 
energy costs. They further argue that continued inaction on pipeline infrastructure will result in energy 
costs that will only increase and may reduce the reliability of the regional power grid.  
On the other hand, opponents of new pipeline infrastructure (which include New England power 
generators, LNG providers, environmental groups and citizen action groups) question the calls for new 
infrastructure and the use of rate payer funds to pay for pipeline expansion. A specific area of concern is 
that the high fixed-cost of new infrastructure may not provide an economic benefit if the projected rise in 
natural gas demand does not occur, or if wholesale cost savings do not materialize. Instead, opponents are 
advocating other approaches to meet energy demand, especially during the winter months. These 
alternatives include better use of existing infrastructure in New England, and rate payer subsidized 
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expansion of energy efficiency and renewable energy development programs. In addition, regulatory 
bodies have already taken steps to implement “soft” infrastructure, or policy and rule changes, to help 
mitigate cost and reliability issues with natural gas, such as the ISO New England Winter Reliability 
program. This program provides financial incentives for generators to maintain on-site fuel oil reserves 
and for demand conservation. 
The Analysis Group (2015) report analyzed the net benefits of pipeline expansion and compared those 
benefits with alternative options. Their study followed a transparent methodology and makes assumptions 
that are based on the current state of the energy marketplace, in contrast to some of the dated economic 
assumptions of previous studies. Their study also covered a wide range of scenarios using a consistent 
methodology to analyze each scenario. This provides a sound basis for comparing the net benefits of 
various policy options. Table 3.2 provides a summary of findings of 3 of the scenarios for New England 
from their study. These scenarios are ones that have generated high interest from New Hampshire energy 
stakeholders: 1) new pipeline expansion, 2) contract for LNG, and 3) energy efficiency.  
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$18  $45  $27  150% 5 -0.03 $90  
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(0.42 Bcf/d) 





$101  $247  $146  145% 1 -1.86 $101  
 
The new pipeline scenario assumed an expansion of 0.3 Bcf/d in 2024 and an additional 0.12 Bcf/d in 
2028. The total capital cost of the 0.3 Bcf/d expansion was estimated to be $788 million with cost 
depreciated over a 30 year period. The capital cost for the 0.12 Bcf/d expansion is expected to scale 
linearly by size. The contract for LNG capacity assumed a 5 year contract period in increments of 3 Bcf. 
Investment in energy efficiency was assumed to result in 1,300 MW of peak winter energy efficiency and 
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1,100 MW of demand response by 2030. This investment would result in 950,000 MWH of energy 
efficiency installed annually at an all-in cost of $0.067 per KWH.  
All 3 of these scenarios were projected to have a significant positive return on investment. The contract 
for LNG scenario had the lowest annual cost ($18 million) and the highest anticipated return on 
investment (150%). The energy efficiency scenario had the highest annual cost ($101 million) with a 
similar return on investment (145%). Pipeline expansion had an annual cost in between the 2 other 
scenarios ($66 million) and a lower but still significant return on investment (92%).  
A measure of stranded cost potential was developed by calculating the worst case scenario for dollars at 
risk. This measure was calculated by multiplying the annual cost by the minimum anticipated contract 
period. This measure provides the worst case “out-of-pocket” cost if no energy savings are generated by 
that specific scenario. The purpose of this measure is to provide an indication of risk through the 
magnitude of the theoretical potential stranded cost. 
The minimum anticipated contract period for pipeline expansion was based on the 30 year depreciation 
period, and the 5 year LNG contract was derived from the assumptions made in the Analysis Group 
(2015) report. We assumed a one year minimum commitment for the energy efficiency scenario. This 
reflects the fact that this scenario does not have any long-term contracts associated with it and in theory 
could be terminated in any given year therefore eliminating any future funding obligations.  
The worst-case, dollars-at-risk measure indicates the magnitude of risk, not the likelihood. The 
probability of the risk occurring was not calculated for this study and in practice would be challenging to 
determine. For example, it is highly unlikely that with a $101 million annual investment in energy 
efficiency there would be no energy savings. However, it is possible that the actual energy savings may 
be higher or lower than the projected annualized savings of $247 million per year. Both the contract for 
LNG and energy efficiency scenarios have similar worst case stranded cost risk profiles ranging between 
$90 and $101 million. In contrast, the potential risk associated with stranded costs for the pipeline are 
significantly higher at approximately $1,980 million, or approximately 20 times greater than that of either 
of the other 2 scenarios.  
3.2.2 Key Assumptions 
A challenge in any economic impact assessment is key assumptions. A foundational concept in economic 
impact analysis is developing an alternative compared to a baseline or “business as usual” scenario. 
However, this can be challenging as there are actually 2 projections being made.170 The researchers 
developing the economic model need to project: 1) what would happen if nothing is done, and 2) what 
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would happen if something is done. The validity of any economic impact analysis relies on the credibility 
of the assumptions made and the methodology employed to make the projections.171 If errors are made in 
either of the projections, the calculated net impact would have a higher likelihood of being invalid. 
Therefore, conclusions drawn from studies that have flawed assumptions or methodology would be 
expected to be less reliable than those that are drawn upon well-developed assumptions and methodology. 
This section reviews several key assumptions in the studies reviewed and discusses potential impacts on 
the validity of findings. 
Regional Natural Gas Prices 
A general assumption made in all of the key studies reviewed (Table 3.1) is that on days when natural gas 
demand is high, prices for natural gas can increase or spike in New England. This assumption appears to 
be valid based on the historical relationship between natural gas demand levels and natural gas prices, and 
is economically rational (see a review of historical price spikes in Section 2.2.1). The relationship 
between increased demand relative to fixed supply and increased price is well-established by economic 
theory.  
A second common assumption is that constraints in the New England pipeline system are the root cause 
of the increased price of natural gas, and removing that constraint and allowing “unrestricted” access to 
natural gas will bring New England prices in line with national averages. One piece of evidence 
supporting this assumption is that, historically, spikes in natural gas prices in New England tend to occur 
during time periods when pipeline utilizations are near their physical limits, especially during winter time  
Another closely related assumption is that the New England natural gas marketplace is constrained when 
pipeline utilization is at or greater than 75%. This assumption appears to have originated from Black & 
Veatch (2013, p. 57) and then propagated through to other studies. However, there was no evidence given 
by Black & Veatch (2013) to support this proposition. Furthermore, the EIA states that “Natural gas 
pipeline companies prefer to operate their systems as close to full capacity as possible to maximize their 
revenues.”172 This suggests that the underpinning assumption of most studies reviewed may be incorrect. 
This assumption is that the current utilization rate of New England natural gas infrastructure reflects a 
“constrained” condition, as opposed to standard market-driven operating conditions, and therefore 
contributes to negative economic impacts. In addition, at least one study on pricing at natural gas hubs in 
other areas of the country found that a significant increase in the difference between 2 spot prices occurs 
only after utilization rises above 95%.173 
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Pipeline Gas Flow 
None of the New England based studies reviewed conducted an analysis of system-wide gas flow in the 
region. Instead, it was assumed (as discussed above) that the addition of pipeline capacity would reduce 
the marginal difference in natural gas price between New England and other pricing points (Henry Hub or 
TETCO-3). However, many different factors including Northeastern, national, and international demand 
all combine to ultimately impact the price that New England pays for natural gas. The U.S. Department of 
Energy performed a national study that did include modeling of regional natural gas flows in the 
Northeast. The study found that higher utilization of existing intrastate natural gas pipeline infrastructure 
will reduce the need for new pipeline because the current overall pipeline system is underutilized. In 
addition, the study found that any incremental increases in interstate natural gas pipeline required will be 
modest relative to historic capacity additions.174  
We did not perform an in-depth analysis of the complete network of natural gas flows through the New 
England pipeline system. The difference between the sum of state in-flow capacity obtained from the U.S.  
EIA and the estimated available capacity by the ICF study discussed in section 2.1.2 is evidence that 
additional capacity in the existing pipeline infrastructure may be underutilized. To our knowledge, no 
study in the public domain has performed a rigorous analysis of the internal operating characteristics of 
the New England natural gas system. Additional study of the dynamics of the regional pipeline 
infrastructure might identify some opportunities for better utilization of existing internal of in-flow 
natural gas infrastructure. 
Soft Infrastructure Changes 
In general, “soft” infrastructure programs have not been considered in the economic models of the studies 
reviewed. A soft infrastructure program is a rule, law, or process change that is meant to address a 
program feature that is believed to cause the market to function less than optimally. A key program that 
has been frequently omitted is the ISO New England Winter Reliability program. This program obtains 
commitments from oil-fired and dual-fuel generators to increase fuel oil inventory, from natural gas 
power plants to contract for LNG, and from demand-response resources to reduce load upon request. 
Generators are incentivized to secure fuel arrangements that offset risks associated with unused fuel. This 
program has existed since the winter of 2013/14 and has been found to be cost-effective at meeting power 
grid reliability needs during the winter. During the first winter of the program (2013/14), 2.7 million 
barrels of oil were burned at a cost of $45 million, which was less than 2% of wholesale costs. This was 
determined by ISO New England to have had a positive impact on reliability.175 The cost for the 2015/16 
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winter was $35.9 million for 77 plants with oil capabilities, $2.58 million for 8 plants capable of 
contracting for LNG, and $0.21 million for 6 demand reduction resources.  
There was a significant policy change in 2015. Prior to that, national natural gas and electricity markets 
had separate scheduling time periods. This complicated efforts for natural gas based electricity generators 
to respond to requests for generation. However, on April 16, 2015 the Federal Energy Regulatory 
Commission issued Order No. 809 to revise regulations. This allowed for scheduling changes for the 
wholesale natural gas and electric industries and scheduling flexibility on interstate natural gas 
pipelines.176 This change benefits the electricity and natural gas markets by allowing bids for energy to be 
better coordinated. 
Another significant rule change that has not been factored into studies reviewed is ISO New England’s 
Pay for Performance requirement. The requirement was approved in May 2014 and will take effect in 
2018. Under this program, an energy resource (either generator or demand reduction) will receive a 
capacity payment consisting of a base payment and a performance payment. A resource’s base payment 
will receive a positive or negative adjustment based on generation or demand reduction performance.  
Rate Payer Funding 
Many studies assume that new pipeline capacity should be funded through a surcharge on New England 
electric rate payer bills. For example, on July 19, 2016, Maine provided conditional approval for natural 
gas pipeline expansion funded through electric rate payers dependent upon the approval by 4 other New 
England states.177  
More recently, several legal hurdles have emerged that call this assumption into question. On August 17, 
2016, the Massachusetts Supreme Judicial Court found that current state deregulation laws did not give 
the Massachusetts Department of Public Utilities the legal authority to allow state utility companies to 
contract for natural gas funded by electricity rate payers.178 On October 6, 2016, the NH Public Utility 
Commission rejected a proposal to fund pipeline expansion through electric rates. 179 On October 7, 2016, 
the Rhode Island Public Utility Commission placed a stay on an expansion for natural gas pipeline in the 
state.180 The upshot is that most analyses do not consider alternative financing requirements on cost and 
how this impacts the calculated net benefits of pipeline expansion projects. 
Input Assumptions 
Another challenge is that these studies were performed at different periods in time with different sets of 
assumptions, including energy prices, fuel demand, resource availability, and levels of development. This 
makes direct comparison among study findings challenging. For example, LaCapra and Economic 
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Development (2015) assumed a scenario where the Forward Capacity Market (FCM) auction would cost 
$12.63 per KW/month if no additional pipeline was built, and $7.70 if additional pipeline was added for 
auction # 10 (2019 to 2020). The actual auction results in 2016 were $7.03.181 The FCM payment adds to 
wholesale electricity costs. The LaCapra and Economic Development (2015) analysis overestimates the 
cost of FCM portion of wholesale energy costs by almost 80% given that pipeline expansion has not 
occurred. This alone accounts for a $1 billion reduction in 2019 for the energy savings expected from 
pipeline expansion. The takeaway is that these models are sensitive to inputs and variances in the 
predicted or baseline assumptions, which significantly impacts the short- and long-term economic 
benefits associated with any particular scenario.  
Another assumption that has been made in some studies, specifically observed in those performed by ICF 
(2012, 2014) is that, in the absence of natural gas pipeline constraints, gas priced at TETCO-3 
(Appalachian Basin pricing) will trade at a long-term discount of up to a $1.50 relative to national 
averages (that is, Henry Hub natural gas prices). However, the difference between Appalachian Basin 
pricing and Henry Hub pricing has been observed to narrow as new pipeline projects have been 
completed and national natural gas demand has increased. Given that the economic analyses from these 
studies are not based on the actual price of natural gas but instead on the marginal difference between 
New England and another pricing point, the pricing point assumptions used to calculate the marginal 
difference can significantly impact the net benefit calculation. In addition, New England’s experience 
during the spring and summer months of 2016 (discussed above) where wholesale prices averaged at a 
slight premium to the national average also do not support the assumption that additional pipeline will 
cause New England natural gas prices to converge to the TETCO-M3 price.  
3.3 Conclusions: Natural Gas 
New England experiences periods when natural gas supply and demand are not well matched. The growth 
in demand for natural gas in New England is currently being driven primarily by natural gas power 
generation, but also to a smaller extent by a growing residential and commercial natural gas base. 
However, supply and demand factors outside of New England also factor into this mismatch. The 
unbalanced supply/demand relationship is most likely to occur during cold winter days, but can also occur 
on hot summer days. This mismatch can result in natural gas price spikes and periods of elevated prices 
that increases overall natural gas and electricity prices in the region. 
This study finds that, while it is possible that constraints within the pipeline system lead to increased 
wholesale energy prices, this conventional line of reasoning does not provide conclusive evidence to 
support that such a relationship really exists. In general, studies view the increased frequency of price 
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spikes during the winter months to indicate that constrained conditions cause price spikes. Overall 
physical or technical natural gas infrastructure capacity (pipeline, local distribution company injection, 
and LNG terminals) appears to exceed natural gas demand in New England. This implies that market 
rules that encourage better use of existing infrastructure may reduce the extent and magnitude of price 
spikes, and there is evidence suggesting that market rule improvements are already having such an effect. 
What the region may lack is the ability to balance New England demand with gas specifically supplied 
from the Appalachian Basin region with the premise that increased access to Appalachian Basin gas will 
minimize wholesale natural gas prices in New England. However, we are unable to find evidence clearly 
supporting that this is the case. Past investments in specific segments of New England’s natural gas 
infrastructure were made on natural gas supply and demand assumptions that turned out not to 
materialize, and this has resulted in underutilized areas of natural gas capital infrastructure as evidenced 
by the low utilization of LNG capital infrastructure.  
While New England does have elevated natural gas prices, which can be viewed as a market signal for 
investment, New England’s overall energy growth is low to flat as the region continues to mature as a 
stable, but low growth region of the country. Overall electricity consumption and peak winter electric 
demand are expected to decline. These are all market-based indicators that do not support increased 
natural gas infrastructure. 
Predicting the future energy mix is challenging. Towards the late 2000s, there was a rush to build LNG 
infrastructure in New England over concerns about domestic natural gas availability. Seven hundred and 
50 million in private capital was invested in 2 new off-shore facilities. However, plummeting natural gas 
prices relative to LNG dramatically reduced activity at New England terminals over the past several 
years. If rate payers had funded these projects, it is very likely there would be stranded costs related to 
this investment.  
During this same time period, it appeared as though coal would be a dominant form of generation through 
at least 2030.182 New Hampshire spent $422 million on scrubbers for the coal-based Merrimack Station. 
But as energy dynamics changed, the use of coal as a power generation source has decreased 
dramatically. Merrimack Station’s coal-based generation has plummeted 75% from 3.1 million MWH in 
2000 to 790 thousand MWH in 2015.183 As part of a settlement, New Hampshire rate payers now face 
just under $400 million in stranded costs to be spread across residential, business, and industrial users.184 
This illustrates the importance of balancing potential benefits with potential stranded costs risks for any 
new large energy infrastructure investments. 
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We recommend that, if New Hampshire wishes to pursue market intervention to reduce wholesale 
electricity costs, an appropriate study be performed that models system-wide natural gas flows before any 
obligation of rate payer funds. To proceed without such a study would serve to place the New Hampshire 
rate payer in a position of being an energy market speculator. Evidence of the risk associated with this 
approach is that utility companies still have not chosen to fund the investment with shareholder capital. 
We also support the recommendation of the New Hampshire Public Utilities Commission that any 
contracts for natural gas capacity should be conducted via a request for proposals185 that would be open to 
all forms of natural gas infrastructure, including new pipeline proposals, existing pipeline capacity, and 
LNG capacity. 
Studies reviewed here suggest that new pipeline capacity is expected to reduce the marginal difference in 
natural gas costs between New England and the overall nation. If this finding is true—that new pipeline 
capacity will reduce New England wholesale natural gas prices—it cannot be ruled out that existing 
market interventions and new regional natural gas capacity additions won’t also achieve similar results. 
While New England may currently face transient pipeline constraints that might negatively impact natural 
gas pricing to its west, existing and future domestic projects may allow better flow of gas to markets. 
Specifically, projects in progress in New York may reduce the demand for New England pipeline 
infrastructure. There is therefore the risk of overbuild. This possibility of overbuild is supported by 
evidence supplied by the study performed on national natural gas infrastructure by the U.S. Department of 
Energy.186 
Ongoing transitions in global energy markets significantly increase the risk of stranded costs. Long-term 
energy investments may not be advised given the rapidly changing and volatile nature of the current 
global energy marketplace. This is not an environment that supports significant energy infrastructure 
expansion, especially given that there is underutilized capacity in the existing system, specifically, given 
that New England has underutilized capacity to its east through LNG. In addition, clean energy 
infrastructure, as discussed in Section 4, provides yet another source of energy infrastructure or “virtual 
clean energy pipeline” to reduce pipeline-based natural gas demand.  
The current body of knowledge on the true marginal cost difference between building and not building 
new pipeline infrastructure is currently insufficient for well-informed policy-based decision making. No 
clear case has been made for why in a competitive, liquid energy marketplace that there is a market flaw 
that requires public dollars to be at risk versus corporate investment dollars. Changes in marketplace rules 
that allow for markets to align appear to be effective at ensuring that energy is available when needed. 
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Due to the suite of assumptions (described above) that our analysis has suggested have questionable 
validity, the projections of specific cost amelioration due to new pipeline infrastructure may be unreliable. 
Studies do consistently suggest that there would be some marginal cost impact improvement. However, at 
best, any cost-benefit analysis can be used for ranking alternative options, but is inconclusive against the 
potential cost-benefit of market interventions versus the current baseline market development trajectory.  
In considering policies in the context of ranking based on expected net benefit, the least cost and most 
immediate impact would be experienced through contracting with existing infrastructure (that is, LNG 
and existing pipelines, existing coal and oil-based power generating stations). This is a lower-risk 
approach as it does not require long-term commitments (contracts greater than 5 years), and in general, 
could be fostered by actions that increase market efficiency and better match existing infrastructure 
capabilities with demand. In order of rank, the next highest net benefit is new pipeline expansion. There is 
a stated expectation by the utility industry and large industrial users that pipeline expansion will reduce 
the marginal difference in natural gas costs for the New England region. However, our findings do not 
support that expectation, and the long-term commitment increases the stranded costs risks associated with 
this approach. Energy efficiency and renewable energy demonstrate a high return on investment. This 
approach also offers the maximum commitment flexibility given that it does not require long horizon 
contract periods. Another benefit of energy efficiency and renewable energy is that this diversifies the 
energy mix in New England to reduce dependence on external sources of fossil fuel, and especially 
natural gas. 
In conclusion, some have framed the solutions to New England’s high energy prices to be expansion of 
natural gas pipeline infrastructure to reduce constraints. While this may appear intuitive at face value for 
natural gas infrastructure, a review of the assumptions made by studies that have investigated this topic 
and support infrastructure expansion have shown these assumptions to have questionable validity. Based 
on our analysis, it appears that New England’s lack of indigenous fuel sources and “end of pipeline” 
status are likely significant influencers of the energy price that New England does pay. However, 
predicting the direction of energy markets is a challenging endeavor. Solutions that reduce New 
England’s need to compete for external fossil fuel energy sources, including natural gas, are expected to 
have a higher likelihood of ultimate energy cost reduction, and to increase the energy diversity in New 
England compared to solutions that rely on high-cost new infrastructure to access external fossil fuel 
energy sources.  
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4. NEW HAMPSHIRE’S FUTURE ENERGY CHOICES: 
RENEWABLE ENERGY AND ENERGY EFFICIENCY 
4.1 Summary of Recent New England Renewable Energy and Energy 
Efficiency Studies 
State and local governments in the United States are actively promoting renewable energy and energy 
efficiency to seek economic development opportunities, generate clean energy-related employment, and 
reduce emissions of heat-trapping gases and other pollutants. However, in addition to the economic 
aspects of clean energy, health, environmental and electric system benefits of clean energy need to be 
considered. In this section, we review a suite of studies have analyzed the impacts of clean energy in New 
Hampshire and New England (Table 4.1) and present a summary of study methods and findings. These 
studies employ a wide range of methods, and direct comparison of the findings among different studies is 
challenging. However, key takeaway findings are provided and a set of clear general conclusions are 
summarized. 
Table 4.1. Recent New England renewable energy and energy efficiency studies and key findings. 
Title: Massachusetts Clean Energy Industry Report 
Author & 
Date: 
BW Research; 2015 
Sponsor: Massachusetts Clean Energy Center (MassCEC)  
Methods:  
Key Findings: The report documents a vibrant and diverse cluster of activities that has 
demonstrated remarkably strong and consistent growth over the past 5 years. 
  Massachusetts surpassed 1 GW of installed renewable energy capacity in 2015. 
  Annual employment growth of 11.9% is the largest increase in any year since 
2010. The number of clean energy jobs has grown by 64% since 2010, 
cumulatively adding almost 40,000 clean energy workers bringing the statewide 
total to 98,895. 
  Clean energy jobs pay well, with nearly 3/4 of full-time workers earning $50,000 
or more annually, compared to a median wage of $44,678 for all jobs across 
Massachusetts. 
  Massachusetts is number 1 in attracting early-stage investments per capita, beating 
California by more than 149% on a per capita basis. Total public and private 
investment in the state's clean energy industry exceeded $549 million. 
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Title: Efficiency in New Hampshire: Realizing Our Potential 
Author & 
Date: 
Vermont Energy Investment Corporation, GDS Associates, Jeffrey Taylor & 
Associates; November 2013 
Sponsor: NH Office of Energy and Planning 
Methods: Jobs and impacts were generated using a set of macroeconomic analysis, including 
input output method and impacts analysis using IMPLAN software. 
Key Findings: The potential for cost-effective reductions in energy use in NH buildings is 
equivalent to 715 million KWH per year, which is 10 times the savings achieved 
through current NH energy efficiency programs at a cost of 3.1 cents per KWH.  
  This investment would require approximately $1 billion in investment, and would 
save $3 billion over a 15 year investment life time. This investment would create 
2,300 jobs and add $160 million to the NH GDP.  
Title:  Additional Opportunities for Energy Efficiency in New Hampshire 
Author & 
Date: 
GDS Associates; January 2009 
Sponsor: New Hampshire Public Utilities Commission  
Methods: Estimates of technical potential, maximum achievable potential, and maximum 
achievable cost-effective potential by the year 2018 are provided for electricity, 
natural gas and related propane and fuel oil savings at the state level and for each 
of the 4 New Hampshire retail electricity providers and 2 natural gas distribution 
companies. All results were developed using customized residential, commercial 
and industrial sector-level energy efficiency potential assessment models and New 
Hampshire Public Utilities Commission (NHPUC)-specified cost-effectiveness 
criteria, including the region’s most recent avoided energy cost projections. 
Key Findings: There are technical potential savings of over 27% of projected 2018 electric and 
non-electric (natural gas, oil and propane) energy sales. The Maximum achievable 
cost-effective potential is over 20% of projected 2018 electric sales and over 16% 
of projected 2018 non-electric sales. A potentially obtainable scenario shows 
savings of ~11% of 2018 electric sales and ~8% of 2018 non-electric) sales. 
Title: New Hampshire Energy and Cost Savings for New Single and Multifamily Homes 
Author & 
Date: 
U.S. Department of Energy; September 2012 
Sponsor: U.S. Department of Energy 
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Methods: Evaluates 2012 International Energy Conservation Codes (IECC) based on 3 
measures of cost-effectiveness: life-cycle cost, cash flow, and simple payback. 
Key Findings: Life-cycle cost savings, averaged across climate zones and building types in New 
Hampshire, are $10,635 for the 2012 IECC. 
  Simple payback period is 3.0 years for the 2012 IECC.  
  Households save an average of $620 per year on energy costs with the 2012 IECC. 
  Net annual consumer savings, including energy savings, mortgage cost increases, 
and other associated costs in the first year of ownership, average $507 for the 2012 
IECC. 
  Energy costs, on average, are 27.3% lower for the 2012 IECC. 
Title: Economic Impacts of Efficiency Spending in Vermont: Creating an Efficient 
Economy and Jobs for the Future  
Author & 
Date: 
Bower, Huntington, Comings, and Poor; 2012 
Sponsor: ACEEE Summer Study on Energy Efficiency in Buildings 
Methods: Recent efficiency potential studies and other data were used to develop inputs to 
the REMI economic model (Regional Economic Models, Inc.) to estimate job 
creation and the overall impact of efficiency spending on the state’s economy. 
Key Findings: Economic impacts of VT energy efficiency programs in 2012 (electric and not-
electric energy): 370 jobs, $14 million in personal income, $14 million in GSP, 
and $22 million in business sales. 
Title: The Economic Impacts of the Regional Greenhouse Gas Initiative on Nine 
Northeast and Mid-Atlantic States: Review of RGGI’s Second Three-Year 
Compliance Period (2012-2014) 
Author & 
Date: 
Analysis Group; 2015 
Sponsor: Barr Foundation, Energy Foundation, The Thomas W. Haas Foundation at the NH 
Charitable Foundation, Merck Family Fund 
Methods: The IMPLAN economic model and PROMOD power sector model were applied to 
program expenditures coupled with a social discount rate. 
Key Findings: Through the RGGI program, power system reliability has been maintained and 
greenhouse gas emissions from power generation have decreased. Between 2012 
and 2014, RGGI generated $520 million in net economic benefits and generated 
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5,700 job-years in employment in New England. New England consumers have 
saved approximately $200 million through decreased energy bills.  
Title: The New Hampshire Greenhouse Gas Emissions Reduction Fund: Year 3 (July 
2011 – June 2012) 
Author & 
Date: 
Carbon Solutions New England (CSNE); 2012 
Sponsor: NH Public Utility Commission 
Methods: Collection and aggregation of grantee program results. Economic impact analysis 
using the IMPLAN model. Direct measurement of full-time equivalent jobs. 
Key Findings: Positive economic impacts with a total return of $4.95 for every $1 spent for a total 
return of $108 million through 2030. Full-time jobs supported ranged by quarter 
from 2009 through 2012 between 15 and 75. 
 
While there are a range of approaches to expanding renewable energy and energy efficiency, we have 
chosen to focus on investments in distributed generation like solar and energy efficiency. One consistent 
conclusion drawn across the clean energy studies reviewed here is that investment in clean energy yields a 
positive net economic benefit. One identified factor for the positive economic benefit observed is the 
long-term energy cost savings that result from reductions in overall energy consumption, or the avoidance 
in consumption of other energy fuel sources, including coal, oil, and natural gas. Because New England 
does not produce fossil fuel or nuclear fuel resources, all economic activity other than distribution and 
sale associated with energy occurs outside the New England region. Retained consumer expenditures 
from avoidance of fuel purchased from outside the region can be applied to other sectors of the New 
England economy, which then has an associated economic multiplier benefit. In other words, money that 
is not spent on imported energy can be applied to other expenditures in other areas of the economy. 
Investment in clean energy also serves to broaden employment opportunities in fields required to develop 
clean energy sources in the region. This creates opportunities for regional employers to either maintain 
current employment or expand employment depending on overall regional work demand and labor 
availability.  
The methodologies used to model economic impact were relatively uniform across the studies. These 
studies rely on a method called economic impact analysis, which describes the current economic activity 
in a study area (such as a county, group of counties, state, or group of states) and it can be useful in 
estimating how a change—such as the loss of an existing industry or the addition of a new industry—
would be expected to affect the wider local or regional economy in the study area. Impact analysis begins 
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with evaluating the output of businesses included in the analysis. These direct expenditures trigger a 
series of additional spending flows throughout other sectors of the local economy as businesses spend 
money on indirect expenditures: 1) payroll and benefits, and 2) supplies, equipment, and service contracts 
with local vendors. The purchase of goods and services from local vendors supports the hiring of workers 
at those firms and also provides funds to enable those firms to purchase additional goods and services 
from suppliers situated further down the supply chain. 
The activity at companies involved in direct or indirect expenditures results in their employees earning 
salaries and wages. A portion of their wages will be spent on local goods and services at different 
industries, including health care, retail, and leisure. These are referred to as household spending or 
induced expenditures. This round of spending by employees helps support workers in those industries 
who then will spend portions of their incomes locally, which triggers another round of spending. This 
entire chain of spending is referred to as the “ripple” or “multiplier” effect. The rounds of spending and 
re-spending do not continue indefinitely but typically diminish rapidly. The impacts of the initial 
economic activity rapidly leave or “leak” out of the local economy through the imports of goods and 
services produced in other regions, savings, spending in areas outside the local economy, and taxes. 
Two common economic impact analysis models used in the studies reviewed were IMPLAN and 
REMI.187 Both are widely used economic modeling tools that calculate multiplier impacts based on the 
modeled assumptions. To determine the appropriate inputs for the economic model, an energy model was 
also integrated into the analyses reviewed here. The energy models ranged from spreadsheet-based 
analysis to proprietary energy system models. 
GDS Associates (2009) was unique in that it did not perform an economic impact analysis, but instead 
was a technical potential study that focused solely on identifying the technical potential and probable (in 
other words, realistic) potential for energy efficiency market growth in New Hampshire. They found the 
technical potential for energy efficiency was 27% of projected 2018 energy consumption levels. They 
found that potentially obtainable energy efficiency was lower at only 11% of projected 2018 energy 
consumption levels. The only other study that we analyzed that estimated the potential for energy 
efficiency in New Hampshire was Vermont Energy Investment Corporation (2013). This study concluded 
the potential for all cost-effective energy efficiency was 715 million KWH (for both electrical and 
thermal savings) in New Hampshire, which is 10 times the current potential of New Hampshire’s energy 
efficiency programs. They determined that the cost to reach this efficiency potential was $941 million, 
and this would save $2.9 billion in energy costs over a 15 year period. This study did perform an 
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economic impact analysis and found positive net impact with an annual benefit of 2,300 additional job-
years and $160 million in state GDP.  
The studies that have focused on New Hampshire (Table 4.1) found that investments in energy efficiency 
could yield the state benefits in terms of cumulative annual savings for residential and commercial-
industrial ranging from 0.4% to 0.7%. The study by the Vermont Energy Investment Corporation (2013) 
found that energy efficiency investments would create 2,300 jobs and add $160 million to the New 
Hampshire GDP.188 While the findings on economic impacts of clean energy are consistent among New 
Hampshire studies, the impacts on the energy capacity are more disparate, ranging from 28 million KWH 
to 49 million KWH per year. 
In summary, the majority of studies in the Northeast United States have focused on impacts of energy 
efficiency. The positive economic impacts as well as carbon dioxide and nitrous oxide emission reduction 
findings were consistent across studies. However, the studies lacked consistency regarding impacts on 
sulfur dioxide emissions and energy capacity. For New Hampshire studies, defining residential energy 
capacity impact and commercial energy capacity impact narrows this gap. 
4.2 Analysis of Recent New England Clean Energy Studies 
A common outcome for studies that examine economic impacts from clean energy is that the overall 
economic net benefit is expected to be positive. We were unable to identify any studies that suggested an 
overall negative net impact from clean energy projects in New England or New Hampshire. However, 
studies that have considered regulation in the context of clean energy in other regions have expressed 
concerns that costs and benefits are not evenly distributed. In other words, there are “winners” and 
“losers” from clean energy policies. Therefore policy makers need to be cognizant of “unintended 
consequences,” or distribution of costs and benefits.  
For example, Curtis (2014) examined the nitrogen oxide Budget Trading Program, which is a cap-and-
trade program for air pollution in the United States. He found that while this cap-and-trade program 
substantially reduced air pollution, it also added substantial costs to energy producers. He concluded that 
it resulted in a 1.7% reduction in manufacturing employment.189 Curtis found that younger worker 
employment declined and that it negatively impacted wages for newer employees. However, this finding 
of negative impact for this specific air pollution program is not universal. Resources for the Future (2005) 
conducted a comprehensive review of research performed on the impacts of the nitrogen oxide program. 
Their research supports Curtis’s (2014) finding that the program was associated with positive 
environmental impacts overall. However, their research found this cap-and-trade policy approach 
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provided significant benefits relative to traditional “command and control” or prescriptive regulation. 
Furthermore, they concluded that different markets and pollutants require different pollutant mitigation 
strategies. 
The EPA Clean Power Plan is a clean energy policy that has also proven to be controversial. Proponents 
of the Clean Power Plan, including the Obama administration and environmentally focused organizations, 
follow the same overall conclusions as those reached in the studies discussed in the Section 4.1: that 
increased investment in clean energy yields net positive economic benefits along with positive 
environmental benefits. The U.S. EPA projects that the Clean Power Plan will reduce emissions of heat-
trapping gases from the power sector by over 30% by 2030, and provide $26 to $45 billion in net 
economic benefits.190 However, some energy-focused non-profit organizations—especially prevalent in 
organizations receiving funding from fossil fuel oriented organizations or large energy groups—state that 
clean energy programs such as the Clean Power Plan will lead to “Higher energy bills for families, 
individuals, and businesses will destroy jobs and strain economic growth,” while having negligible impact 
on global climate change.191  
Loris (2015) raised several areas of economic concern related to clean energy policy, including: 1) 
carbon-emitting fuels have historically met 87% of America’s energy needs during the previous decade 
and that U.S. economic growth is at a minimum correlated with energy availability, 2) carbon reduction 
policies would be expected to result in significant economic loss, and 3) costs impact the most 
disadvantaged specifically low-income and manufacturing companies. 
The argument that fossil fuels have historically been an essential component of economic growth appears 
to be dated given the rapid transformation of the energy sector, specifically the rapid transformation in 
clean energy in the past several years. And this is clearly not true for New England, where successive 
annual growth in GDP since 2000 has occurred while energy use has declined (Figure 2.9). Loris cites 
fossil fuels as being essential to the U.S. industrial revolution. While this may be true, the level of global 
investment in clean energy is currently outpacing that of any specific fossil fuel type, with one factor 
being the increased market competiveness of clean energy technologies. An associated argument is that 
fossil fuels are reliable and dependable and in juxtaposition, clean energy technologies do not share that 
trait. 
In New England, clean energy has not been shown to be associated with reliability issues. The Analysis 
Group (2015) specifically examined reliability issues related to investment in clean energy over additional 
natural gas infrastructure. They did not find reliability issues emerged through at least 2024 even under 
severe demand conditions. However, concerns have been raised that for power grid reliability in New 
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England, clean energy cannot scale to meet large immediate demand changes.192 An illustrative example 
is the incident on August 11, 2016, when there was a severe power grid event where a nuclear plant was 
unavailable due to a lightning strike. This resulted in a large power resource dropping from the power 
grid. At the time it occurred, renewable resources of wind and solar were not producing large amounts of 
output. Oil-fired and demand-response resources were called by ISO New England and helped alleviate 
the event.193 The power grid did not experience a power outage, but natural-gas-fired generation in the 
region rose to 65% to meet energy needs. While wholesale power prices transiently spiked, they did go to 
over $2.50 per KWH.194 
ISO New England has also raised concerns about the availability of renewables during the winter months. 
They state that cold weather snaps can decrease wind speeds and winter peak occurs after sunset limiting 
the potential of solar PV to help reduce winter peak.195 Other challenge areas for clean energy include 
relatively high up-front capital costs. The payback period at current energy rates is still higher than the 
threshold that many customers and businesses are willing to pay. A 3 to 5 year payback appears to be a 
typical time frame that is required for an investment in clean energy to occur by residential or business 
customers.196 However, the cost continues to decrease rapidly as new technologies and production 
efficiencies reduce the cost of clean energy.  
Another challenge is that, while there is no fuel-cost for some renewable energy technologies (such as 
solar, wind, hydro), the time of generation is not always directly matched to the time of demand and is 
instead often dependent on the underlying resource availability. The extreme power outage event on 
August 11, 2016 provides an illustrative example of this limitation. Large-scale energy storage is one 
option that is growing rapidly as performance increases and costs decrease. The Massachusetts’s Energy 
Storage Initiative (ESI) is one strong regional example of efforts to increase the prevalence of electricity 
storage in the New England power grid system.197 Current projections of market capacity indicate that 
large-scale energy storage could start having an impact on the market place with energy storage costs 
projected to decrease up to 70% over the next 15 years.198 
One potential area of concern is that clean energy resources are beyond the control of utility companies 
and ISO New England, and therefore they are perceived as higher risk by utility companies in meeting 
forecast peak demands.199 However, a strength of clean energy is its ability to help manage price 
uncertainty as in many cases it has no fuel costs. Furthermore, energy efficiency does not require periodic 
renewal of customer participation agreements or ongoing customer incentive payments. 
In New Hampshire, the RGGI program has been controversial and has been the target of repeated repeal 
efforts.200 This has resulted in transformations of the policy structure for RGGI New Hampshire fund 
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expenditures, starting with the repeal of its initial implementation GHGERF in 2012. However, while the 
pattern of funding has evolved primarily towards rate payer rebate—which Gittell and Magnusson (2008) 
found to be have lower economic benefits than investment in energy efficiency201—current NH policy 
still has a portion of RGGI funds targeted towards low-income energy weatherization programs. This is 
an example of how program design can help mitigate any potential disproportionate cost impacts from 
clean energy policy. 
Another issues identified is that additional expertise is required but there is no mechanism to recover 
costs. Areas required for consulting include: 1) current saturation levels and peak demands of targeted 
equipment, 2) consumer research, including required incentives, 3) costs associated with development and 
implementation of a “no-wires” alternative.202 
Utilities are allowed to recover costs of traditional transmission and distribution infrastructure, including a 
return on investment. However, there is no mechanism in place to recover lost revenue or return on 
investment for non-wire solutions like distributed generation. Projects greater than 100 KW require 
engineering studies that are funded by the customer. Programs must also match the hourly and seasonal 
load profile of the energy efficiency measures to the profile of the system demand. If efficiency doesn’t 
occur at the time it is needed, then it may not avoid the need for additional capacity.  
Clean energy has also been considered in the context of deferral of transmission and distribution. While 
the results have been mixed, it has shown that it can be cost effective and reliable. It has also been found 
that clean energy can be useful as a tool to delay capital investment. Efficiency investments can be a 
strategy to validate forecasts before investing in new additional infrastructure.203 In 2012, ISO New 
England found that energy efficiency and distributed generation investments had reduced demand on the 
power grid to such an extent in New Hampshire and Vermont that it led to the avoidance of over $200 
million in previously anticipated transmission upgrades.204 
4.3 Conclusions: Clean Energy 
The body of evidence strongly suggests that clean energy has a positive impact on overall energy costs for 
a region, and that those energy savings and associated employment activity with the development of clean 
energy infrastructure result in a net positive economic impact. However, as with any public policy, it is 
important to consider unintended consequences and distribution of costs and benefits. Stakeholders that 
have been specifically identified as potential “losers” under clean energy policy include large energy 
users such as manufacturing companies and low-income households. This does not suggest a direct 
relationship between clean energy and negative cost impact for these stakeholders, but instead suggests 
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that poorly formulated policies can result in costs that do negatively impact these important stakeholders. 
This highlights the importance of ensuring clean energy policies provide mechanisms to ensure that some 
stakeholders are not disproportionately impacted by a policy. Some clean energy programs (such as 
RGGI) have been the repeated target of repeal in New Hampshire, indicating that consistent and long-
term clean energy policy in New Hampshire is challenging. 
Benefits of clean energy are its disconnect with variable fuel costs (driven by regional and global 
markets) and that it can be considered a regional source of “virtual” supply. This has benefits for energy 
security and reduces reliance on external sources of energy. It helps hedge against price volatility and has 
consistently been associated with positive net economic benefits. While a select few studies have 
concluded negative impacts, some of the claims are questionable at best. As discussed several times in 
this report, it is essential to consider groups that may be disproportionately impacted by cost from policies 
that are designed to stimulate clean energy activity. 
77 
5. NH ENERGY SCENARIO ANALYSIS:  
COMPARISON OF LNG, NATURAL GAS, AND CLEAN ENERGY  
Based on stakeholder interest, we analyzed different policy options that New Hampshire could pursue 
with its limited budget for energy investment. We did this by downscaling the results from the Analysis 
Group (2015) study, and by developing a New Hampshire specific model that compares a rate payer 
funded financing for new interstate natural gas pipeline capacity against a rate payer funded increases in 
intrastate distributed clean energy.  
5.1 Downscaled Analysis Group (2015) Results 
In 2015, New Hampshire accounted for 9.2% of the New England region's electrical sales.205 If the 3 
regional potential energy choices analyzed by the Analysis Group (2015) (Table 3.2) were scaled at the 
proportion of New Hampshire's electrical sales to those of New England, the total net annual energy 
savings in New Hampshire would be estimated at $2.5 million under a LNG contract, $5.6 million for 
0.42 Bcf/d of increased regional pipeline capacity, and $13.4 million under increased energy efficiency 
investment in New Hampshire (Table 5.1).  
Table 5.1. Summary of potential energy choices for New Hampshire. Original data from Analysis Group 
2015.206 





























Contract for LNG 
(3 Bcf per winter)  
$1.70  $4.10  $2.50  150% 5 -3,000 $8.20  
Intrastate pipeline 
expansion 
(0.42 Bcf/d)  




$9.30  $22.70  $13.40  145% 1 -170,000 $9.30  
        
In the worst case, where an energy strategy yields no incremental improvement in energy prices, the 
dollars at risk for New Hampshire are approximately $8 to $9 million for either a regional LNG contract 
or an increase in intrastate energy efficiency activity, and approximately $180 million for New 
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Hampshire’s share of the expansion of 0.4 Bcf/d of new regional pipeline capacity. Under any of the 
scenarios the change in the emissions of heat-trapping gases for New Hampshire’s contribution is 
relatively small, ranging from an increase of 7,000 tonnes with an associate pipeline expansion to a 
decrease of 170,000 tonnes under the energy efficiency scenario.  
5.2 New Hampshire Specific Model 
An area of interest expressed by New Hampshire energy stakeholders was a direct comparison of similar 
levels of investment in either the expansion of natural gas pipeline or expansion of clean energy 
investment. In this scenario analysis, it was assumed that clean energy would be parameterized to only 
include energy efficiency and solar. While other clean energy technologies could be part of the near-term, 
economically-feasible, developed, distributed, clean-energy landscape, they are anticipated to be minor in 
comparison. To complete this comparison, the cost and savings were based on estimates provided by NH 
utility companies in NH PUC dockets DE 15-137 Gas and Electric Utilities, Energy Efficiency Resource 
Standard and IR 15-124 Investigation into Potential Approaches to Mitigate Wholesale Electricity Prices. 
A spreadsheet-based model was developed to evaluate the net benefit impact of near equivalent funding 
levels to each scenario (Table 5.2). 
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Table 5.2. Spreadsheet model and basic assumptions used for estimating net benefits of natural 
gas pipeline expansion verses investment in energy efficiency and clean energy. 
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 A 0.8 cents per KWH, distribution surcharge on all NH rate payer electric bills was assumed to be the 
funding source for natural gas pipeline expansion. This was based on the NH PUC Staff Report issued 
September 15, 2015 for docket IR 15-124, which estimated a 0.48 cent per KWH surcharge for the 
Access Northeast project and a 0.33 cent per KWH surcharge for the Northeast Direct Project.207 These 2 
proposed projects would have added approximately 2.2 Bcf/d in new pipeline capacity to the Northeast 
region of the country. Studies that have determined that additional pipeline capacity is required in New 
England have stated that between 1 and 2 Bcf/d of new pipeline capacity is the appropriate amount of 
capacity to add. Savings were derived from the increase in wholesale electricity rates projected by La 
Capra Associates and Economic Development Research Group (2015) absent any pipeline capacity 
additions.  
The clean energy scenario consists of a ramp-up period following the funding proposed by the utilities for 
the NH EERS in docket DE 15-137. The funding starts at $31 million in 2017, rising to $73 million in 
2020. After 2020, the funding is set to be the same as that projected under the natural gas pipeline 
scenario, starting with $89 million in 2021. Under this scenario, all funding is first directed towards 
energy efficiency, as this was projected to be the least costly source of clean energy. In 2022, all cost-
effective energy efficiency is modeled as “exhausted” at 759,000 annual MWH, or approximately 6% of 
total load. This is based on the estimate of economic energy efficiency potential in New Hampshire in the 
VEIC (2013) report. Energy savings is based on utility savings projections by NH utilities for the 
proposed NH EERS. It is not an exact match but it is close. After that point, all funding was assumed to 
be directed towards new solar capacity and cover 30% of installed cost. While the assumption was made 
that energy efficiency would be the sole recipient of any additional infrastructure development under the 
clean energy model, this need not be the case. Funding could be devoted to other distributed clean energy 
projects in different proportions. This would impact the estimated rate of return, but is a viable option for 
policy makers to consider.  
Under the natural gas expansion scenario, electricity use in New Hampshire is projected to grow from 
10.8 million MWH in 2017 to 11.5 million MWH in 2030, for a total increase of 6% (Figure 5.1). Annual 
power cost is estimated to grow from $1.6 billion in 2017 to $2.24 billion in 2030. In 2017, the estimated 
cost of the pipeline distribution surcharge is estimated to be $87 million and to grow to $92 million in 
2030 for a total cost during that time period of $1.3 billion. The savings, based on industry estimates of 
reduction, in whole-cost electricity costs over that same time period would be $1.6 billion (Figure 5.2; 





Figure 5.1. Results from a spreadsheet model baseline electricity consumption versus electricity 





Figure 5.2. Results from a spreadsheet model comparing annual savings in New Hampshire based on 
investing in natural gas pipeline(s) versus investment in clean energy (in this case energy efficiency and 
solar panels). The total projected cumulative savings from 2017 to 2030 is $1.63 billion for the pipeline 
scenario and $2.27 billion for the clean energy scenario.  
Under the clean energy expansion scenario, electricity use in New Hampshire from grid-based sources is 
projected to decline from 10.8 million MWH in 2017 to 9.7 million MWH in 2030 for a total decline of 
11% (Figure 5.1). In 2017, the estimated cost of the clean energy distribution surcharge is estimated to be 
$31 million and to grow to $92 million by 2030 for a total cost during that time period of $1.1 billion. The 
savings over that same time period are estimated to be $2.3 billion without discounting for future value. 
This produces a simple return on investment over that time period of $2.00 for every dollar spent.  
Electricity consumption in New Hampshire was developed by taking the baseline ISO New England 
forecast report for Capacity, Energy, Loads, and Transmission (CELT forecast)208 for New Hampshire 
from 2014 to 2025 and calculating an annual growth rate. The demand forecast differs slightly from 
figures presented by the electric utilities to the NH Public Utility Commission. In 2014, ISO New 
England reported NH electricity consumption of 11.7 million MWH while the utilities reported 10.7 
million MWH or a 7.8% difference. This difference is explained by transmission losses which are 
included in the ISO New England figure but not the utilities. The annual growth rate from the ISO New 
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England forecast was applied to the 2014 utility-based consumption figure from 2015 through 2025. The 
forecast was extended to 2030 by assuming the 2025 electricity consumption for each remaining year. 
Total projected load growth over this time period is 4.6%, or 0.3% annually. In other words, electric load 
growth is expected to be very modest and is best described as relatively flat over the forecast period.  
Electricity rates were assumed to increase annually at a steady rate of 2% and at a price in 2017 of $0.15 
per KWH. This was determined based on literature review and modeler judgment. The actual rate is not 
significant as both the pipeline and energy efficiency scenario had the same factor applied. This helps to 
provide an appropriate level of magnitude in terms of costs for decision makers. 
Storage was not considered as part of the clean energy scenario either. While improvements have been 
made in storage cost and performance, they still are not at a level appropriate for wide-spread commercial 
use.209 Storage technologies are an important component of the future energy marketplace due to the 
intermittent generation nature of several key clean energy technologies, especially solar and wind. 
However, at both the federal and regional level, efforts are under way to expand the market penetration of 
storage technologies. Massachusetts has launched the ESI that will put $10 million towards the 
acceleration of the storage technology marketplace in Massachusetts.210 While storage is still a challenge 
area and needs to scale with the growth in renewable technology, efforts such as ESI will help support 
innovation in the storage marketplace. 
The baseline electrical forecast only includes new potential load growth areas such as electric vehicles 
and expanded installation of heat pumps as projected in the overall electricity forecast provided by ISO 
New England (Table 2.13). However, these technologies may ultimately have a greater impact on future 
load then projected (although we feel this is unlikely over the next few years). In this highly dynamic 
energy marketplace, frequent updates on energy outlook should be conducted to determine if any shifts 
are warranted in NH energy policy.  
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6. PUBLIC PERCEPTIONS OF  
NATURAL GAS AND RENEWABLE ENERGY 
Since 2001, the Granite State Poll has been conducting telephone interviews with random samples of New 
Hampshire residents every quarter. State and national political topics have been staple questions asked in 
this poll. Trained personnel at the University of New Hampshire Survey Center conduct the 10 to 15 
minute telephone interviews. In 2010, the Granite State Poll began regularly including environmental 
topics among its mix of survey questions. Examples of these questions include views on climate change 
and ecosystem services, while others sought views on energy and the history of the state’s forests. 
6.1 Natural Gas versus Renewable Resources 
Future development across New Hampshire and New England depends on reliable, cost-competitive and 
environmentally sound sources of energy. For years, the majority of energy used to generate electricity in 
New Hampshire and New England has been provided by the burning of fossils fuels (Figures 2.4 and 
2.12). However, energy from renewable sources is growing in importance, both in terms of generating 
capacity and the regional push for a lower carbon energy system. Each source of energy has its respective 
economic, health, and environmental costs, benefits, and risks—factors that interact strongly with 
political and global priorities. Choices must be made, but in the certain knowledge that choosing an 
energy strategy inevitably means choosing an environmental strategy. With such challenges in mind, we 
asked 3 future-oriented questions in the October 2016 Granite State Survey. The answers to 3 energy-
related questions from 577 interviews are reviewed below. 
 
 
By almost a 3 to 1 margin, New Hampshire residents give higher priority for renewable energy sources 
(67%) compared to natural gas (24%). We also explored regional differences by comparing responses 
Question 1: Which do you think should be a higher priority for future energy sources for New 
Hampshire, increased use of natural gas, or increased use of renewable energy sources such as 
solar, wind, or biomass?  
• Increased use of natural gas 
• Increased use of renewable sources such as solar, wind or biomass 
• Both equal 
• Don’t know 
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from counties in northern New Hampshire (85 interviews of residents in Coos, Grafton, and Carroll 
counties) to responses from counties in southern New Hampshire (478 interviews of residents in Belknap, 
Cheshire, Hillsborough, Merrimack, Rockingham, Strafford, and Sullivan counties). The results in terms 
of percentages in both regions are very similar to the statewide results, with residents placing a priority on 
renewable sources of energy over natural gas by a margin of 2.3 in northern counties and 2.9 in southern 
counties. 
Survey responses on environmental topics often fall into partisan patterns.211 For example, in a Pew 
Research Center survey from January 2014, 46% of republicans and those leaning republican said there 
was no evidence that the Earth is warming and 70% of Tea Party republicans think the same.212 Hamilton 
and Wake (2013) find that large majorities among democrats (86%) and independents (62%), but only 
44% of republicans, prefer renewable energy over drilling.213 Figure 6.1 breaks down the responses to our 
future energy sources priority question by political ideology. Large majority of self-reported Liberals and 
Moderates prefer increased use of renewable energy sources (88% and 70%, respectively), while among 
self-reported conservatives, renewable energy finds substantial support (45%), although 46% give higher 
priority to natural gas.  
 
Figure 6.1. Responses from 577 interviews in New Hampshire in October 2016 on the question “Which 
do you think should be a higher priority for future energy sources for New Hampshire, increased use of 
natural gas, or increased use of renewable energy sources such as solar, wind, or biomass?” based on self-
reported ideology. 
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To explore the effects of key demographics on respondent’s views on future energy priorities, we 
performed a simple probit model. The dependent variable is a binary variable: 1 if the respondent views 
the increased use of natural gas as a higher priority for future energy use in New Hampshire, and 0 if 
otherwise. We then computed for the marginal effects of a unit change in key demographics on the 
probability of choosing natural gas as a higher priority.  
The results show that age, political ideology and news sources were statistically significant (Table 6.1). 
Increasing age increases the probability of choosing natural gas as a higher priority by 8%. Residents who 
are registered conservatives are also more likely to choose natural gas as a higher priority for future 
energy sources, increasing the probability by 28%. All the discrete variables on news sources also yielded 
statistically significant results. Reading the Union Leader and Boston Globe increased probability of 
choosing natural gas as a higher priority by 33% and 9%, respectively. Reading local newspapers 
decreases the probability of choosing natural gas as a higher priority by 6%. Watching the NH television 
station WMUR was also statistically significant, although the marginal effect is small (positive 2%). 
Listening to New Hampshire Public Radio (NHPR) decreases the probability of choosing natural gas as 
higher priority by 22%, while listening to conservative radio increases the probability by 25%.  







Read Union Leader 33.3 
Read Boston Globe 9.4 
Read Local Newspaper -6.4 
Watch WMUR 1.9 
Listen to NHPR -21.9 






6.2 Paying More Now to Ensure Future Cost Stability 
The cost of energy is of concern to many New Hampshire residents and businesses, as is price volatility. 
To learn more about New Hampshire residents’ views on volatile energy prices, we asked the following 
question. 
 
Seventy percent of respondents are willing to pay an additional $3 per month for less price volatility, 
while 23% would rather not pay for more for electricity now, but accept potential volatility in prices in 
the future (Figure 6.2). The results in both regions are very similar to the statewide results. This response 
is also consistent across self-reported political ideology with 75%, of liberals, 69% of moderates, and 
65% of conservatives willing to pay $3 more per month for stable prices.  
 
 
Question 2: Think about your monthly electricity bill for a moment. Over the next 10 years, would 
you prefer … 
• Paying an additional $3 per month on your electricity bill and knowing that this price would 
remain stable for 10 years … OR … 
• Not raising electricity prices now, but knowing that prices could change by a greater or 
lesser amount at any time in the future 
• Don’t know 
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Figure 6.2. Responses from 577 interviews in New Hampshire in October 2016 on a question relating to 
monthly electric bill preferences between: 1) Paying an additional $3 per month on one’s electricity bill 
and knowing that this price would remain stable for 10 years, or 2) Not raising electricity prices now, but 
knowing that prices could change by a greater or lesser amount at any time in the future, based on self-
reported ideology. 
We explored the effects of key demographics on respondent’s monthly electric bill preferences using 
probit model regression. The dependent variable is a binary variable: 1 if the respondent chooses to pay 
an additional $3 per month on electricity bill for a stable price for 10 years, and 0 otherwise. The results 
show that only the respondent’s income affects the probability of choosing an additional $3 per month for 
a stable bill for 10 years. An additional income of $20,000 annually reduces the probability that the 








6.3 Paying for a Pipeline on One’s Electricity Bill 
There have been several recent proposals to build pipelines to bring additional natural gas into New 
England and New Hampshire, and some of these proposals have requested using rate payer funds to cover 
the costs of construction of the pipeline. To explore the interest of New Hampshire residents for funding 
the expansion of natural gas pipelines, we asked the following question. 
 
 
Overall, New Hampshire residents oppose the additional natural gas pipelines at 58%. In terms of 
political ideology, 63% of liberals, 60% of moderates and 48% of conservatives oppose the construction 
of new pipelines using rate payer funds (Figure 6.3). 
 
Question 3: Would you support or oppose paying for the construction of a new natural gas 
pipeline in New Hampshire through a charge on your electricity bill? 
• Strongly Support 
• Somewhat Support 
• Neutral – Volunteered 
• Somewhat Oppose 
• Strongly Oppose 
• Don’t Know 
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Figure 6.3. Responses from 577 interviews in New Hampshire in October 2016 on the question “Would 
you support or oppose paying for the construction of a new natural gas pipeline in New Hampshire 
through a charge on your electricity bill?” based on self-reported ideology. 
The oppose-support gap is also distinct across geographic location in New Hampshire. The 3 northern 
counties of New Hampshire have a 19% gap between those who oppose and support the new natural gas 
pipelines. However, this gap widens for the southern regions at 31%. Splitting the sample by county 
shows that a large percentage of this opposition were from Hillsborough and Merrimack, suggesting that 
local opposition to the recent effort by Kinder Morgan to build a pipelines in southern New Hampshire214 
played a significant role in this gap. 
To explore how the key demographics affect the choice to support natural gas pipeline, we performed a 
simple probit model. The dependent variable is a binary variable: 1 if the respondent supports the paying 
for construction of new natural gas pipeline through a charge on their electricity bill, and 0 if otherwise. 
We then computed for the marginal effects of a unit change in key demographics on probability of 
supporting the construction of new natural gas pipeline.  
The results show that gender, years of education, and some news sources were statistically significant. 
Female respondents decrease the probability of supporting new natural gas pipeline construction by 24%. 
An additional year of education increases the probability of supporting the new natural gas pipeline by 
3%. Reading the Boston Globe and watching WMUR increase the probability of supporting new natural 
gas pipeline by 24% and 17%, respectively.  
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7. FINDINGS AND RECOMMENDATIONS 
7.1 Findings 
Electricity is and will continue to be an essential part of the energy system that supports the quality of life 
and well-being of New Hampshire’s residents. In 2014, electricity expenditures accounted for 
approximately $1 out of every $4 spent on energy in New Hampshire ($1.7 billion total).215 Over time, 
New Hampshire’s electric system has increasingly become dependent on natural gas and is experiencing 
an expansion of new clean energy (both renewable energy and energy efficiency). A specific challenge 
for New England and New Hampshire is that the region does not have indigenous sources of fossil fuels 
and therefore must be cognizant of the factors impacting energy imports versus regionally produced 
energy. 
Currently, compared to historical values, global energy prices for oil and natural gas are low and the 
global storage levels for oil and natural gas are at historic highs. However, there remain significant risks 
to energy security in global energy markets,216 which are experiencing a period of rapid change and 
uncertainty.217 Two global energy trends that are currently significant factors in driving the energy market 
place are: 1) rapid growth in the use of natural gas for electric power generation; and 2) rapid growth in 
clean energy for electric power generation. 
An expressed area of concern by the region’s electric utility industry has been that rising demand for 
natural gas in New England—especially for electric power generation—will require new pipeline 
capacity. Specifically, ISO New England, the organization responsible for coordinating the region’s 
power grid, has issued strong calls for new natural gas infrastructure investment.218 ISO New England 
CEO and President Gordon van Welie has called New England’s current operating situation “precarious” 
and said it could become “unsustainable” after 2019 in extreme cold weather.219 The premise being that 
future increased natural gas demand will further overburden the existing pipeline infrastructure and may 
result in power grid failures and increased price volatility.220 
However, as shown in Section 3.1, none of the natural gas studies (including one performed for ISO New 
England) covered in our comprehensive review found that grid reliability issues present an immediate 
threat to New England’s energy security. Furthermore, while some studies have indicated the possibility 
of grid reliability issues emerging after 2021, reliability issues are primarily associated with extreme 
operating conditions.  
Further evidence that supports the finding that near-term power reliability problems are unlikely to 
emerge is that New England’s overall energy consumption has been declining as the region continues to 
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extend its long-term trend as a mature and lower growth region of the country. The growth of new 
technologies, the overall transition to a more service-based economy, and increased private sector energy 
efficiency have all combined to reduce total energy demand, even while the overall economy has grown 
in New England (Figures 2.9 and 2.10).221 This relationship of economic growth combined with a 
decrease in energy consumption is not unique to New England, but also part of a national trend; between 
2007 and 2015, the overall U.S. economy has grown by 10% while overall energy consumption has 
declined by 2.4%.222 Specifically, both overall electricity consumption (Table 2.15 and peak winter 
demand in New England are expected to decline over the next decade.223 This projected decline in energy 
consumption has led to concerns that increased infrastructure development will be unnecessary and result 
in higher energy costs in the region.224 
Supporting the concern that additional infrastructure investment may not be cost-effective is the 
observation that New England appears to currently have more natural gas capacity than required to meet 
peak demand when factoring in existing pipeline infrastructure, LNG delivery, and above-ground storage 
(as discussed in Section 2.1.2). However, as discussed in Section 3.3, New England can experience 
challenges with matching least-cost supply with demand within the existing natural gas system, and this 
may result in higher natural gas and electricity prices than otherwise would have occurred.  
Regional and global markets influence the price and availability of natural gas in New England. 
Accurately projecting the future global and regional energy mix is challenging. Capital investments in 
energy infrastructure can be costly and result in stranded costs if energy marketplace fundamentals 
change prior to recouping the initial cost of the capital investment. There are numerous examples in the 
New England region of changing energy markets resulting in investments that are unlikely to fully 
recover initial costs.  
In the late 2000s, there was a rush to build LNG infrastructure in New England due to declining domestic 
production of natural gas. Approximately $750 million in private capital was invested in off-shore LNG 
terminals off the coast of Massachusetts (Table 2.6). However, shortly after completion of these facilities, 
natural gas prices declined relative to LNG prices, which significantly reduced LNG delivery activity to 
New England beginning in 2008 (Table 2.3). If utility rate payers had funded these projects, it is very 
likely that they would have resulted in significant stranded costs due to them becoming uneconomic.  
During this same time period, the expectations were that coal (based in part on projections by the EIA) 
would be a dominant form of generation through at least 2030.225 New Hampshire spent $450 million on 
mercury scrubbers to retrofit the Merrimack Station (a coal-fired power plant in Bow, NH) so that it 
would meet more stringent air emissions regulations. However, as energy dynamics have changed, coal-
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fired generation has declined dramatically, including at Merrimack Station, and New Hampshire rate 
payers now face significant stranded costs for Merrimack Station.  
Based on the analysis of interstate natural gas pipeline expansion studies performed (see Section 3.2) 
there is evidence that new pipeline capacity may reduce the marginal difference in natural gas costs 
between New England and the overall nation.226 However, this finding is not conclusive. Conversely, 
existing market interventions, such as synchronization of gas and electricity markets, the soon to take 
effect ISO New England Pay for Performance Program, and new regional pipeline capacity additions 
(such as the Spectra Algonquin Incremental Market pipeline project currently under construction227), 
could achieve similar or even greater wholesale cost reductions. The region has already taken steps (such 
as the Winter Reliability Program implemented by ISO New England) to ensure power grid reliability 
(see Section 2.1.1). A side effect of changing the New England energy landscape through the Winter 
Reliability Program appears to be that it may also be an effective tool for mitigating energy prices.228  
A specific risk is that of infrastructure overbuild. The current evolution and uncertainty in global energy 
markets further increases the risk of stranded costs. Long-term energy investments may not be advised 
given the rapidly changing and volatile nature of the current global energy market place. This is not an 
environment that supports significant energy infrastructure expansion, especially given that there is 
already under-utilized capacity in the existing New England energy system. 
The natural gas marketplace is complex, as is its interaction with the electricity markets. Existing studies 
have not sufficiently examined the marketplace to prove that new pipeline infrastructure will reduce 
energy costs in New England. Pipeline expansion may encourage further market development of natural 
gas in New England, but existing analysis (Table 3.1) has relied on a basic assumption that building more 
pipeline will reduce wholesale cost. However, we find that those studies have not provided sufficient and 
transparent analysis to support the theory that market intervention will achieve any impactful results on 
natural gas wholesale prices. In particular, as Appalachian Basin gas is opened to global markets through 
LNG, there is a risk that the price of natural gas may approach more of a global standard price (similar to 
the market for oil) and become less attractive as a low-cost energy source for the region. 
Given the risks of increased energy costs and the uncertainty of benefits associated with additional 
pipeline infrastructure, we argue that further attention should be given to alternatives, including 
renewable energy and energy efficiency. Clean energy continues to experience rapid global growth, 
accounting for 30% of total global energy spending.229 Clean energy is currently the fastest growing 
global energy source and is expected to exceed natural gas based energy consumption by 2027.230 While 
historically, the capital cost of clean energy has been high compared to conventional fossil-fuel-based 
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generation, that relationship has changed dramatically with the installed cost of clean energy rapidly 
approaching or exceeding the lower cost threshold of fossil fuels.231 Some of the most significant 
decreases in installed cost have been in solar photovoltaic, which has fallen over 80% over the past 6 
years.232 
New Hampshire currently lags the region in investment in energy efficiency (Section 2.2). However, in 
August 2016, the New Hampshire Public Utilities Commission approved an EERS to reduce energy use 
in the state. The NH EERS will take effect starting in January 2018, and has established a cumulative goal 
for 3.1% electric savings relative to 2014 KWH sales. States that have implemented EERS have 
experienced 3 times the energy savings as states that do not have EERS.233 This is an example of the type 
of policy that is expected to help New Hampshire cost-effectively meet its energy needs without paying 
for large infrastructure projects and the associated stranded costs risk. 
If business-as-usual is pursued (meaning no additional large investments in pipeline infrastructure), then 
the power grid is still expected to still function for New Englanders, even if there is the possibility of 
elevated prices at times relative to other regions. Therefore, there is not an immediate need to take action 
on pipeline infrastructure development. It is possible that not building new expensive pipeline 
infrastructure will cause less “harm” than intervention actions. If New Hampshire feels that the benefits 
from a significant market intervention outweigh the costs and potential risks, then possible intervention 
actions include: 1) establishing contracts for LNG and existing pipeline natural gas, 2) cleaning energy 
investments, and 3) contracting for new pipeline systems. However, based on the analysis performed in 
Section 3.2, there is no conclusive evidence that current energy wholesale market prices will be improved 
by any further market intervention action.  
How do we then rank the “big picture” of market interventions? The Analysis Group (2015) report 
identified the least-cost and most immediate impact would be experienced through contracting with 
existing infrastructure (LNG and existing pipeline).234 This is a low-risk approach as it does not require 
long-term financial commitments. Black & Veatch235 and Analysis Group (2015) specifically considered 
investment in energy efficiency and demand reduction in lieu of new natural gas pipeline additions. These 
2 studies and the scenario analysis performed in this study (Section 5, Figures 5.1 and 5.2, and Table 5.2) 
indicate that the most cost-effective, long-term strategy is investment in energy efficiency and renewable 
energy to mitigate peak demand expansion. Across these studies, clean energy demonstrated the best 
return on investment for rate payers at the lowest risk. This approach also offers commitment flexibility 
and serves to diversify the energy mix in New England. Clean energy also addresses potential future costs 
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associated with the evolution towards a lower carbon energy system in response to regional, national, and 
international pressures.  
New pipeline expansion consistently emerges as an approach with a medium-sized impact on wholesale 
power prices, with the expectation it will reduce the marginal difference in natural gas costs for the New 
England region. However, the long-term commitment and high construction costs potentially reduce the 
cost-benefit of the project and carries specific risks of overbuild and stranded costs. Another risk with this 
approach is that it places New England’s price dependency on a specific geographic region—the 
Appalachian Basin. In a scenario where funding is not dependent upon rate payers for risk mitigation but 
instead on private at-risk capital, additional construction of pipeline for capacity represents a reasonable 
option as the region is not necessarily any worse off, and potentially better off, from a direct-energy cost 
perspective. 
Clean energy investment in New Hampshire has lagged the overall region. The evidence does not suggest 
that New Hampshire’s lowest in the region level of energy efficiency investment provides any economic 
advantage to the state. Given the region’s susceptibility to external market forces, policies that promote 
clean energy investment may prove to be a sensible long-term energy policy strategy for the state. 
7.2 Recommendations 
A controversial area of energy policy has been the use of electric rate payer funds to finance natural gas 
infrastructure. Independent of the merits of new pipeline additions, private capital is a viable alternative 
financing option. This would serve to eliminate one of the more divisive aspects of the pipeline by not 
exposing rate payers to risks of over paying for additional natural gas capacity and stranded costs. On 
August 17, 2016, the Massachusetts Supreme Court and on October 6, 2016 the NH PUC determined that 
rate payer funds should not be used to support natural gas pipeline capacity contracts. Furthermore, on 
October 25, 2016, the Connecticut Department of Energy & Environmental Protection cancelled a request 
for proposal (RFP) it has issued for natural gas related capacity despite acknowledging that “ . . . the New 
England region is facing volatile electricity prices and significant risks to electric reliability due to 
limitations in our restructured electricity market that have driven investment in new natural gas-fired 
power plants, but not in the natural gas delivery infrastructure needed to ensure that those plants can run 
reliably all year round.”236 
Based on the analysis performed in Section 3.2, the evidence suggests that no action is required to meet 
short-term energy reliability need. We argue that if New Hampshire wishes to pursue market intervention 
in an attempt to reduce wholesale electricity costs, an appropriate study should be performed by a neutral 
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third party that models system-wide natural gas flows before obligating rate payer funds. To move ahead 
without such a detailed study would essentially place the rate payer in a position of being an energy 
market speculator. Evidence supporting the existence of financial risk associated with new pipeline 
capacity is that to date, utility companies have not been willing to put shareholder funds at risk to 
underwrite the contracts for pipeline projects. 
Based on the analysis performed in Sections 3 and 4, and given the projected low peak load growth and 
uncertainty in future energy markets, we find that it is advisable to avoid expensive market interventions 
or, at minimum, prioritize investments that have projected lowest cost and lowest risk. This will serve to 
keep rates affordable by reducing spending on more expensive utility infrastructure that has been 
demonstrated to increase rates. Out of the types of subsidized investments, the findings of this study 
suggest that clean energy investments, and specifically energy efficiency investments, up to the maximal 
economic potential (estimated by VEIC to be approximately 6% of total New Hampshire load237) are 
expected to be the most cost effective while also representing low financial risk to NH rate payers. Any 
policies should consider unintended and potentially disproportionate impacts to the populations identified 
as most negatively impacted by increased energy prices, including large commercial and industrial users 
and low-income households.  
If New Hampshire policymakers decide to establish contracts for natural gas capacity funded via electric 
rate payers, then we would support the recommendation of the NH PUC that any contracts for natural gas 
capacity funded through a rate payer cost recovery mechanism should be conducted through a RFP 
process.238 This process should be open to all forms of natural gas infrastructure, including new pipeline 
proposals, existing pipeline capacity, and LNG capacity. The underlying costs and assumptions from 
vendor submissions should also be placed in the public domain for review. From the review of studies in 
Section 3, there is evidence that costs may be lower for existing infrastructure and a RFP process would 
allow the least-cost option to be revealed through a fair, open, and competitive bidding process. 
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Energy Capacity Benefits: From 1999 to 2005, there was a 1,040 MW reduction in peak demand. And 
from 1999 to 2005, the number of energy service companies increased from fewer than 10 to over 180 
companies. 
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The cost of wind has dropped 60% and the cost of solar has dropped 80% over past 6 years (source: 
Lazard’s levelized cost). Clean energy investment rose 17% to $44 billion in 2015 (source: Bloomberg 
New Energy Finance) and accounted for 2/3 of all new generation added to the grid. Republican attitudes 
have been shifting as it supports 300,000 clean energy jobs in republican controlled states and districts.  
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Energy Capacity Benefits: In 2004, energy efficiency reduced peak demand by 1,421 MW. 
Emissions, Air Quality and Health Benefits: From 2000 to 2010, avoid 31.7M tons (6%) of CO2, 34,200 
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Economic Benefits: From 2000 to 2010, there was a net increase of $6.1 billion in economic output, $1.04 
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01%20FINAL%203-24-08.pdf  
Energy Capacity Benefits: The electricity growth rate for all sectors from 2005 to 2020 is projected to be 
1.52%. 
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Capacity Options. Retrieved from: https://www.iso-ne.com/static-
assets/documents/committees/comm_wkgrps/othr/egoc/mtrls/2014/mar62014/maine_puc_gas_study
_022614.pdf  
New interstate pipeline capacity would provide $18 million in annual net savings for New England 
consumers with an additional 1.0 Bcf/d.  
Union of Concerned Scientists (2016) Massachusetts's Electricity Future: Reducing Reliance on 
Natural Gas through Renewable Energy. Retrieved from: http://www.ucsusa.org/clean-
energy/increase-renewable-energy/massachusetts-electricity-future  
The energy landscape in New England is changing and the state is becoming over-reliant on natural gas. 
This has created greater risks for consumers, including economic risks from over-investment in natural 
gas pipelines and exposure to volatile natural gas.  
US DOE Building Technologies Program (2012) New Hampshire Energy and Cost Savings for New 





• Life-cycle cost savings, averaged across climate zones and building types, are $10,635 for the 
2012 IECC 
• Simple payback period is 3.0 years for the 2012 IECC  
• Households save an average of $620 per year on energy costs with the 2012 IECC 
• Net annual consumer savings, including energy savings, mortgage cost increases, and other 
associated costs in the first year of ownership, average $507 for the 2012 IECC 
• Energy costs, on average, are 27.3% lower for the 2012 IECC 
U.S. Department of Energy (2015) Natural Gas Infrastructure Implications of Increased Demand 
from the Electric Power Sector. Retrieved from: 
http://energy.gov/sites/prod/files/2015/02/f19/DOE%20Report%20Natural%20Gas%20Infrastruct
ure%20V_02-02.pdf  
The U.S. natural gas sector has been fundamentally altered by technological advances in horizontal 
drilling and hydraulic fracturing. This has allowed extraction of natural gas from shale formations that 
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previously were uneconomic to drill. This has unlocked large geographical sources of natural gas 
resources. Diverse sources of natural gas supply and demand will reduce the need for additional interstate 
natural gas pipeline infrastructure. Higher utilization of existing interstate natural gas pipeline 
infrastructure will reduce the need for new pipelines. Incremental interstate natural gas pipeline 
infrastructure needs in a future with an illustrative national carbon policy are projected to be modest 
relative to the reference case. While there are constraints to siting new interstate natural gas pipeline 
infrastructure, the projected pipeline capacity additions in this study are lower than past additions that 
have accommodated such constraints. 
U.S. Energy Information Administration (2016) Annual Energy Outlook 2016 Early Release: An 
Annotated Summary of Two Cases. Retrieved from: http://www.eia.gov/forecasts/aeo/er/index.cfm  
This report features 2 cases: the reference case and a case excluding implementation of the Clean Power 
Plan. The reference case is a business-as-usual trend estimate, which assumes Clean Power Plan (CPP) 
compliance modeled using allowances with cooperation across states at the regional level, with all 
allowance revenues rebated to rate payers. The no-CPP case is a business-as-usual trend estimate that 
assumes that CPP is not implemented. Coal’s share of total electricity generation, which was 50% in 2005 
and 33% in 2015, falls to 21% in 2030 and to 18% in 2040. Outcome reflects both low load growth and 
generation mix changes driven by the extension of key renewable tax credits, reduced PV capital costs, 
and low natural gas prices. Strong growth in wind and solar generation spurred by tax credits leads to a 
short-term decline in natural gas-fired generation between 2015 and 2021. However, natural gas 
generation then grows significantly increasing by more than 67% from 2021 through 2040. 
U.S. Energy Information Administration (2016) Natural gas expected to surpass coal in mix of fuel 
used for U.S. power generation in 2016. Retrieved from: 
http://www.eia.gov/todayinenergy/detail.cfm?id=25392  
Coal has been the dominant source of energy for power generation in the United States. However, growth 
in natural gas in the power sector is expected to result in total natural-gas-fired generation exceeding that 
of coal power generation in 2016. Between 2000 and 2008, coal was less expensive than natural gas. 
However, starting in 2009, the gap narrowed. 
U.S. Energy Information Administration (2015) U.S. energy imports and exports to come into 
balance for first time since 1950s. Retrieved from: 
http://www.eia.gov/todayinenergy/detail.cfm?id=20812  
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Predictions in EIA’s Annual Energy Outlook 2015 show the potential to eliminate all net U.S. energy 
imports between 2020 and 2030. This is due both to changes in supply and demand. Fossil fuel supply is 
being influenced by growth in oil and natural gas. Demand is being mitigated by energy efficiency and 
renewable energy. 
Vermont Department of Public Service (2008) Vermont Comprehensive Energy Plan 2009. 
Retrieved from: http://www.uvm.edu/~gflomenh/ENRG-POL-PA395/readings/VT-
CEP2009DRAFT6-4-08.pdf  
Energy Capacity Benefits:  Electricity demand is expected to grow an average of 0.93% on an annual 
basis from 2008 to 2028. When new design structure matrix measures are implemented, the Vermont 
Department of Public Service anticipates a decline of 0.19% on an average annual basis. 
Economic Benefits: Due to forecasts of a large supply gap with high costs to replace power contracts, 
Vermont committed itself to pursue very aggressive energy efficiency measures. 
Vermont Energy Investment Corporation (2013) Increasing Energy Efficiency in New Hampshire: 
Realizing Our Potential. Retrieved from: https://www.nh.gov/oep/resource-
library/energy/documents/nh_eers_study2013-11-13.pdf  
The potential for cost-effective reductions in energy use in NH buildings is equivalent to 715 million 
KWH per year, which is 10 times the savings achieved through current NH energy efficiency programs at 
a cost of 3.1 cents per KWH. This would require approximately $1 billion in investment and save $3 
billion over a 15-year investment life time. This investment would create 2,300 jobs and add $160 million 
to the NH GSP.  
World Energy Council (2016) World Energy Trilemma 2016: Defining measures to accelerate the 
energy transition. Retrieved from: https://www.worldenergy.org/publications/2016/world-energy-
trilemma-2016-defining-measures-to-accelerate-the-energy-transition/  
Energy is at a transition point. Actions required include: 
1. Transforming energy supply 
2. Advancing energy access 
3. Enabling customer affordability and industry competitiveness 
4. Improving energy efficiency and managing demand 
5. Decarbonising the energy sector 
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There is a trilemma performance paradigm of: 1) energy equity, 2) environmental sustainability, and 3) 
energy security. Policy choices made now will support a robust energy sector. Policies and investments to 
change energy supply take time and will likely be disruptive. Countries must act for secure, equitable and 
sustainable energy to support a thriving energy sector, competitive economy, and healthy society. Policy 
makers should provide clarity to the market for investors. Change management approach in 
communicating policies is necessary to avoid stakeholder backlash. Energy 2.0 must be enabled by 
regulations 2.0, or desired transitions in the energy sector must be stimulated by transitions in the 
regulatory framework.  
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